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(57) ABSTRACT 

Processes are disclosed using the depolymerization of a 
nucleic acid hybrid to qualitatively and quantitatively ana 
lyze for the presence of a predetermined nucleic acid. 
Applications of those processes include the detection of 
Single nucleotide polymorphisms, identification of Single 
base changes, Speciation, determination of Viral load, geno 
typing, medical marker diagnostics, and the like. 
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DETECTION OF NUCLEC ACID HYBRIDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
Ser. No. 09/252,436, filed on Feb. 18, 1999, which is a 
continuation-in-part of U.S. Ser. No. 09/042,287, filed Mar. 
13, 1998, both of which are incorporated herein by refer 
CCC. 

FIELD OF THE INVENTION 

0002 The invention relates to nucleic acid detection. 
More specifically, the invention relates to the detection of 
targeted, predetermined nucleic acid Sequences in nucleic 
acid target hybrids, and the various applications of their 
detection. 

BACKGROUND OF THE INVENTION 

0.003 Methods to detect nucleic acids and to detect 
Specific nucleic acids provide a foundation upon which the 
large and rapidly growing field of molecular biology is built. 
There is constant need for alternative methods and products. 
The reasons for Selecting one method over another are 
varied, and include a desire to avoid radioactive materials, 
the lack of a license to use a technique, the cost or avail 
ability of reagents or equipment, the desire to minimize the 
time spent or the number of Steps, the accuracy or Sensitivity 
for a certain application, the ease of analysis, or the ability 
to automate the process. 
0004. The detection of nucleic acids or specific nucleic 
acids is often a portion of a process rather than an end in 
itself. There are many applications of the detection of 
nucleic acids in the art, and new applications are always 
being developed. The ability to detect and quantify nucleic 
acids is useful in detecting microorganisms, Viruses and 
biological molecules, and thus affects many fields, including 
human and Veterinary medicine, food processing and envi 
ronmental testing. Additionally, the detection and/or quan 
tification of Specific biomolecules from biological Samples 
(e.g. tissue, sputum, urine, blood, Semen, Saliva) has appli 
cations in forensic Science, Such as the identification and 
exclusion of criminal Suspects and paternity testing as well 
as medical diagnostics. 
0005 Some general methods to detect nucleic acids are 
not dependent upon a priori knowledge of the nucleic acid 
Sequence. A nucleic acid detection method that is not 
Sequence Specific, but is RNA specific is described in U.S. 
Pat. No. 4,735,897, where RNA is depolymerized using a 
polynucleotide phosphorylase (PNP) in the presence of 
phosphate or using a ribonuclease. PNP stops depolymeriz 
ing when a double-Stranded RNA segment is encountered, 
Sometimes as the form of Secondary Structure of Single 
stranded RNA, as is common in ribosomal RNA, transfer 
RNA, viral RNA, and the message portion of mRNA. PNP 
depolymerization of the polyadenylated tail of mRNA in the 
presence of inorganic phosphate forms ADP. Alternatively, 
depolymerization using a ribonuclease forms AMP. The 
formed AMP is converted to ADP with myokinase, and ADP 
is converted into ATP by pyruvate kinase or creatine phos 
phokinase. Either the ATP or the byproduct from the orga 
nophosphate co-reactant (pyruvate or creatine) is detected as 
an indirect method of detecting mRNA. 
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0006. In U.S. Pat. No. 4,735,897, ATP is detected by a 
luciferase detection system. In the presence of ATP and 
oxygen, luciferase catalyzes the oxidation of luciferin, pro 
ducing light that can then be quantified using a luminometer. 
Additional products of the reaction are AMP, pyrophosphate 
and oxyluciferin. 

0007 Duplex DNA can be detected using intercalating 
dyes Such as ethidium bromide. Such dyes are also used to 
detect hybrid formation. 
0008 Hybridization methods to detect nucleic acids are 
dependent upon knowledge of the nucleic acid Sequence. 
Many known nucleic acid detection techniques depend upon 
Specific nucleic acid hybridization in which an oligonucle 
otide probe is hybridized or annealed to nucleic acid in the 
Sample or on a blot, and the hybridized probes are detected. 
0009. A traditional type of process for the detection of 
hybridized nucleic acid uses labeled nucleic acid probes to 
hybridize to a nucleic acid Sample. For example, in a 
Southern blot technique, a nucleic acid Sample is separated 
in an agarose gel based on size and affixed to a membrane, 
denatured, and exposed to the labeled nucleic acid probe 
under hybridizing conditions. If the labeled nucleic acid 
probe forms a hybrid with the nucleic acid on the blot, the 
label is bound to the membrane. Probes used in Southern 
blots have been labeled with radioactivity, fluorescent dyes, 
digoxygenin, horseradish peroxidase, alkaline phosphatase 
and acridinium esters. 

0010 Another type of process for the detection of hybrid 
ized nucleic acid takes advantage of the polymerase chain 
reaction (PCR). The PCR process is well known in the art 
(U.S. Pat. Nos. 4,683,195, 4,683,202, and 4,800,159). To 
briefly Summarize PCR, nucleic acid primers, complemen 
tary to opposite Strands of a nucleic acid amplification target 
Sequence, are permitted to anneal to the denatured Sample. 
A DNA polymerase (typically heat stable) extends the DNA 
duplex from the hybridized primer. The proceSS is repeated 
to amplify the nucleic acid target. If the nucleic acid primers 
do not hybridize to the Sample, then there is no correspond 
ing amplified PCR product. In this case, the PCR primer acts 
as a hybridization probe. PCR-based methods are of limited 
use for the detection of nucleic acid of unknown Sequence. 
0011. In a PCR method, the amplified nucleic acid prod 
uct may be detected in a number of ways, e.g. incorporation 
of a labeled nucleotide into the amplified Strand by using 
labeled primers. Primers used in PCR have been labeled 
with radioactivity, fluorescent dyes, digoxygenin, horserad 
ish peroxidase, alkaline phosphatase, acridinium esters, 
biotin and jack bean urease. PCR products made with 
unlabeled primerS may be detected in other ways, Such as 
electrophoretic gel Separation followed by dye-based Visu 
alization. 

0012 Fluorescence techniques are also known for the 
detection of nucleic acid hybrids. U.S. Pat. No. 5,691,146 
describes the use of fluorescent hybridization probes that are 
fluorescence-quenched unless they are hybridized to the 
target nucleic acid sequence. U.S. Pat. No. 5,723,591 
describes fluorescent hybridization probes that are fluores 
cence-quenched until hybridized to the target nucleic acid 
Sequence, or until the probe is digested. Such techniques 
provide information about hybridization, and are of varying 
degrees of usefulneSS for the determination of Single base 
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variances in Sequences. Some fluorescence techniques 
involve digestion of a nucleic acid hybrid in a 5'-->3' 
direction to release a fluorescent signal from proximity to a 
fluorescence quencher, for example, TaqMan(E) (Perkin 
Elmer; U.S. Pat. Nos. 5,691,146 and 5,876.930). 
0013 Enzymes having template-specific polymerase 
activity for which some 3'->5' depolymerization activity has 
been reported include E. coli DNA Polymerase (Deutscher 
and Kornberg, J. Biol. Chem., 244(11):3019-28 (1969)), T7 
DNA Polymerase (Wong et al., Biochemistry 30:526-37 
(1991); Tabor and Richardson, J. Biol. Chem. 265: 8322-28 
(1990)), E. coli RNA polymerase (Rozovskaya et al., Bio 
chem. J. 224:645-50 (1994)), AMV and RLV reverse tran 
scriptases (Srivastava and Modak, J. Biol. Chem. 255: 
2000-4 (1980)), and HIV reverse transcriptase (Zinnen et al., 
J. Biol. Chem. 269:24195-202 (1994)). A template-depen 
dent polymerase for which 3' to 5’ exonuclease activity has 
been reported on a mismatched end of a DNA hybrid is 
phage 29 DNA polymerase (de Vega, M. et al. EMBO J., 
15:1182-1192, 1996) 
0.014) A variety of methodologies currently exist for the 
detection of single nucleotide polymorphisms (SNPS) that 
are present in genomic DNA. SNPs are DNA point muta 
tions or insertions/deletions that are present at measurable 
frequencies in the population. SNPs are the most common 
variations in the genome. SNPS occur at defined positions 
within genomes and can be used for gene mapping, defining 
population Structure, and performing functional Studies. 
SNPs are useful as markers because many known genetic 
diseases are caused by point mutations and insertions/ 
deletions. 

0.015. In rare cases where an SNP alters a fortuitous 
restriction enzyme recognition Sequence, differential Sensi 
tivity of the amplified DNA to cleavage can be used for SNP 
detection. This technique requires that an appropriate 
restriction enzyme site be present or introduced in the 
appropriate Sequence context for differential recognition by 
the restriction endonuclease. After amplification, the prod 
ucts are cleaved by the appropriate restriction endonuclease 
and products are analyzed by gel electrophoresis and Sub 
Sequent Staining. The throughput of analysis by this tech 
nique is limited because Samples require processing, gel 
analysis, and significant interpretation of data before SNPs 
can be accurately determined. 

0016 Single strand conformational polymorphism 
(SSCP) is a second technique that can detect SNPs present 
in an amplified DNA segment (Hayashi, K. Genetic Analy 
Sis: Techniques and Applications 9:73-79, 1992). In this 
method, the double Stranded amplified product is denatured 
and then both Strands are allowed to reanneal during elec 
trophoresis in non-denaturing polyacrylamide gels. The 
Separated Strands assume a specific folded conformation 
based on intramolecular base pairing. The electrophoretic 
properties of each Strand are dependent on the folded 
conformation. The presence of Single nucleotide changes in 
the Sequence can cause a detectable change in the confor 
mation and electrophoretic migration of an amplified Sample 
relative to wild type samples, allowing SNPs to be identi 
fied. In addition to the limited throughput possible by 
gel-based techniques, the design and interpretation of SSCP 
based experiments can be difficult. Multiplex analysis of 
several samples in the same SSCP reaction is extremely 
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challenging. The Sensitivity required in mutation detection 
and analysis has led most investigators to use radioactively 
labeled PCR products for this technique. 
0017. In the amplification refractory mutation system 
(ARMS, also known as allele specific PCR or ASPCR), two 
amplification reactions are used to determine if a SNP is 
present in a DNA sample (Newton et al. Nucl Acids Res 
17:2503, 1989; Wu et al. PNAS 86:2757, 1989). Both 
amplification reactions contain a common primer for the 
target of interest. The first reaction contains a Second primer 
Specific for the wild type product which will give rise to a 
PCR product if the wild type gene is present in the Sample. 
The Second PCR reaction contains a primer that has a Single 
nucleotide change at or near the 3' end that represents the 
base change that is present in the mutated form of the DNA. 
The Second primer, in conjunction with the common primer, 
will only function in PCR if genomic DNA that contains the 
mutated form of genomic DNA is present. This technique 
requires duplicate amplification reactions to be performed 
and analyzed by gel electrophoresis to ascertain if a mutated 
form of a gene is present. In addition, the data must be 
manually interpreted. 

0018 Single base extension (GBAGE) is a technique that 
allows the detection of SNPs by hybridizing a single strand 
DNA probe to a captured DNA target (Nikiforov, T. et al. 
Nucl Acids Res 22:4167-4175). Once hybridized, the single 
Strand probe is extended by a Single base with labeled 
dideoxynucleotides. The labeled, extended products are then 
detected using calorimetric or fluorescent methodologies. 
0019. A variety of technologies related to real-time (or 
kinetic) PCR have been adapted to perform SNP detection. 
Many of these Systems are platform based, and require 
Specialized equipment, complicated primer design, and 
expensive Supporting materials for SNP detection. In con 
trast, the process of this invention has been designed as a 
modular technology that can use a variety of instruments 
that are Suited to the throughput needs of the end-user. In 
addition, the coupling of luciferase detection Sensitivity with 
Standard oligonucleotide chemistry and well-established 
enzymology provides a flexible and open System architec 
ture. Alternative analytical detection methods, Such as mass 
Spectroscopy, HPLC, and fluorescence detection methods 
can also be used in the process of this invention, providing 
additional assay flexibility. 
0020 SNP detection using real-time amplification relies 
on the ability to detect amplified Segments of nucleic acid as 
they are during the amplification reaction. Three basic 
real-time SNP detection methodologies exist: (i) increased 
fluorescence of double strand DNA specific dye binding, (ii) 
decreased quenching of fluorescence during amplification, 
and (iii) increased fluorescence energy transfer during 
amplification (Wittwer, C. et al. Biotechniques 22:130-138, 
1997). All of these techniques are non-gel based and each 
strategy will be briefly discussed. 
0021 A variety of dyes are known to exhibit increased 
fluorescence in response to binding double stranded DNA. 
This property is utilized in conjunction with the amplifica 
tion refractory mutation System described above to detect 
the presence of SNP Production of wild type or mutation 
containing PCR products are continuously monitored by the 
increased fluorescence of dyes Such as ethidium bromide or 
SYBER Green as they bind to the accumulating PCR 
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product. Note that dye binding is not selective for the 
Sequence of the PCR product, and high non-specific back 
ground can give rise to false Signals with this technique. 
0022. A second detection technology for real time PCR, 
known generally as exonuclease primers (TaqMan(E) 
probes), utilizes the 5' exonuclease activity of thermostable 
polymerases Such as Taq to cleave dual-labeled probes 
present in the amplification reaction (Wittwer, C. et al. 
Biotechniques 22:130-138, 1997; Holland, Petal PNAS 
88:7276-7280, 1991). While complementary to the PCR 
product, the probes used in this assay are distinct from the 
PCR primer and are dually-labeled with both a molecule 
capable of fluorescence and a molecule capable of quench 
ing fluorescence. When the probes are intact, intramolecular 
quenching of the fluorescent signal within the DNA probe 
leads to little signal. When the fluorescent molecule is 
liberated by the exonuclease activity of Taq during ampli 
fication, the quenching is greatly reduced leading to 
increased fluorescent Signal. 
0023. An additional form of real-time PCR also capital 
izes on the intramolecular quenching of a fluorescent mol 
ecule by use of a tethered quenching moiety. The molecular 
beacon technology utilizes hairpin-shaped molecules with 
an internally-quenched fluorophore whose fluorescence is 
restored by binding to a DNA target of interest (Kramer, R. 
et al. Nat. Biotechnol. 14:303-308, 1996). Increased binding 
of the molecular beacon probe to the accumulating PCR 
product can be used to specifically detect SNPs present in 
genomic DNA. 
0024. A final general fluorescent detection strategy used 
for detection of SNP in real time utilizes synthetic DNA 
Segments known as hybridization probes in conjunction with 
a process known as fluorescence resonance energy transfer 
(FRET) (Wittwer, C. et al. Biotechniques 22:130-138, 1997; 
Bernard, P. et al. Am. J. Pathol. 153:1055-1061, 1998). This 
technique relies on the independent binding of labeled DNA 
probes on the target Sequence. The close approximation of 
the two probes on the target Sequence increaseS resonance 
energy transfer from one probe to the other, leading to a 
unique fluorescence signal. Mismatches caused by SNPs 
that disrupt the binding of either of the probes can be used 
to detect mutant Sequences present in a DNA sample. 
0.025 There is a need for highly sensitive, diagnostic 
applications that are capable of determining the number of 
virus molecules present in a body (“viral load”). For 
example, the presence of Viral particles in the circulation 
System or in Specific tissues is a means of monitoring the 
severity of viral infection. Several methods are currently 
used in the art for determining viral load. U.S. Pat. No. 
5,667,964 discloses a method for the determination of the 
number of HIV-1 infected patient cells using reactive oxy 
gen-intermediate generators. U.S. Pat. No. 5,389,512 dis 
closes a method for determining the relative amount of a 
Viral nucleic acid Segment in a Sample using PCR. 

0026 G. Garinis et al., J. Clin. Lab. Anal. 13:122-5 
(1999) compare the determination of viral load results using 
an enzyme-linked immunosorbant assay (ELISA), a recom 
binant immunoblot assay (RIBA), and a reverse tran 
scriptase polymerase chain reaction method (RT-PCR) in the 
detection of hepatitis C virus (HCV) infection in haemodi 
alysis patients. The quantitative hepatitis HCV RT-PCR 
assay had a detection level of about 2,000 viral copies/mL 
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serum. Holguin et al., Eur: J. Clin. Microbiol. Infect. Dis. 
18:256-9 (1999) compare plasma HIV-1 RNA levels using 
Several commercially available assays, namely the Second 
generation HIV-1 branched DNA assay, the Nuclisens assay, 
the Amplicor(R) Monitor reverse transcriptase polymerase 
chain reaction assay, and the Ultradirect Monitor. Differing 
values were noted in comparing results among these various 
assays. Boriskin et al., Arch. Dis. Child. 80: 132-6 (1999) 
used a nested polymerase chain reaction to measure HIV-1 
proviral DNA and CMV genomic DNA in peripheral blood 
leukocytes of children infected with HIV-1. There remains a 
need for a reliable means to detect and quantify viral load. 
There is a demand for methods to determine viral load when 
the quantities of Viral particles are very low. 
0027. In Summary, there is a need for alternative methods 
for the detection of nucleic acid hybrids. There is a demand 
for highly Sensitive methods that are useful for determining 
the presence or absence of Specific nucleic acid Sequences, 
for example methods to determine viral load that are able to 
reliably detect as few as 10 copies of a virus present in a 
body, tissue, fluid, or other biological Sample. There is a 
great demand for Such methods to determine the presence or 
absence of nucleic acid Sequences that differ Slightly from 
Sequences that might otherwise be present. There is a great 
demand for methods to determine the presence or absence of 
Sequences unique to a particular species in a Sample. There 
is also a great demand for methods that are more highly 
Sensitive than the known methods, highly reproducible and 
automatable. 

0028. It would be beneficial if another method were 
available for detecting the presence of a Sought-after, pre 
determined target nucleotide Sequence or allelic variant. It 
would also be beneficial if such a method were operable 
using a Sample size of the microgram to picogram Scale. It 
would further be beneficial if Such a detection method were 
capable of providing multiple analyses in a Single assay 
(multiplex assays). The disclosure that follows provides one 
Such method. 

BREIF SUMMARY OF THE INVENTION 

0029. A method of this invention is used to determine the 
presence or absence of a predetermined (known) nucleic 
acid target Sequence in a nucleic acid Sample. Such a method 
utilizes an enzyme that can depolymerize the 3'-terminus of 
an oligonucleotide probe hybridized to a nucleic acid target 
Sequence to release one or more identifier nucleotides whose 
presence can then be determined. 
0030. One embodiment of the invention contemplates a 
method for determining the presence or absence of a pre 
determined nucleic acid target Sequence in a nucleic acid 
Sample. Thus, the presence or absence of at least one 
predetermined nucleic acid target Sequence is Sought to be 
determined. More than one Such predetermined target 
Sequence can also be present in the Sample being assayed, 
and the presence or absence of more than one predetermined 
nucleic acid target Sequence can be determined. The 
embodiment comprises the following Steps. 
0031. A treated sample is provided that may contain a 
predetermined nucleic acid target Sequence hybridized with 
a nucleic acid probe that includes an identifier nucleotide in 
the 3'-terminal region. The treated Sample is admixed with 
a depolymerizing amount of an enzyme whose activity is to 
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release one or more nucleotides from the 3'-terminus of a 
hybridized nucleic acid probe to form a treated reaction 
mixture. The treated reaction mixture is maintained under 
depolymerizing conditions for a time period Sufficient to 
permit the enzyme to depolymerize hybridized nucleic acid 
and release identifier nucleotides therefrom. The presence of 
released identifier nucleotides is analyzed to obtain an 
analytical output, the analytical output indicating the pres 
ence or absence of the nucleic acid target Sequence. The 
analytical output obtained by various techniques as dis 
cussed herein. 

0032. An analytical output is obtained by analyzing for 
the presence or absence of released identifier nucleotide. The 
analytical output indicates the presence or absence of the 
nucleotide at the predetermined region, and, thereby, the 
presence or absence of a first nucleic acid target. The 
analytical output is obtained by various techniques as dis 
cussed herein. 

0033. It is contemplated that an analytical output of the 
methods of the invention can be obtained in a variety of 
ways. The analytical output can be ascertained by lumines 
cence spectroscopy. In Some preferred embodiments, analy 
sis for released 3'-terminal region indicator nucleotides 
comprises the detection of ATP, either by a luciferase 
detection System (luminescence spectroscopy) or an NADH 
detection System (absorbance spectroscopy). In particularly 
preferred embodiments where greater Sensitivity is desired, 
ATP molecules are formed by a phosphate transferring Step, 
for example using an enzyme Such as NDPK in the presence 
of ADP, from the nucleotide triphosphates produced by the 
depolymerizing Step. In Some embodiments the ATP is 
amplified to form a plurality of ATP molecules. In the ATP 
detection embodiments, typically the enzyme (NDPK) for 
converting nucleotides and added ADP into ATP is present 
in the depolymerization reaction, and thus they are denoted 
as a “one pot'0 method. 
0034. In an alternative embodiment, the analytical output 
is obtained by fluorescence SpectroScopy. It is contemplated 
that an identifier nucleotide includes a fluorescent label. An 
identifier nucleotide can be fluorescently labeled prior to, or 
after, release of the identifier nucleotide. It is also contem 
plated that other than a released identifier nucleotide con 
tains a fluorescent tag. In Such an embodiment, the release 
of nucleotides in a process of the invention is ascertained by 
a determination of a difference in the length of the poly 
nucleotide probe, for example by capillary electrophoresis 
imaged by a fluorescent tag at the 5' terminus of the probe 
or in a region other than the 3' terminal region. 
0035) In an alternative embodiment the analytical output 
is obtained by mass spectrometry. It is preferred here that an 
identifier nucleotide be a nucleotide analog or a labeled 
nucleotide and have a molecular mass that is different from 
the mass of a usual form of that nucleotide, although a 
difference in mass is not required. It is also noted that with 
a fluorescently labeled identifier nucleotide, the analytical 
output can also be obtained by mass spectrometry. It is also 
contemplated that the analysis of released nucleotide be 
conducted by ascertaining the difference in mass of the 
probe after a depolymerization Step of a process of the 
invention. 

0036). In another alternative embodiment, the analytical 
output is obtained by absorbance Spectroscopy. Such analy 
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sis monitors the absorbance of light in the ultraViolet and 
Visible regions of the spectrum to determine the presence of 
absorbing Species. In one aspect of Such a process, released 
nucleotides are separated from hybridized nucleic acid and 
other polynucleotides by chromatography (e.g. HPLC or 
GC) or electrophoresis (e.g. PAGE or capillary electrophore 
sis). Either the released identifier nucleotide or the remain 
der of the probe can be analyzed for to ascertain the release 
of the identifier nucleotide in a process of the invention. In 
another aspect of Such a process a label may be incorporated 
in the analyzed nucleic acid. 
0037. In a contemplated embodiment, a sample to be 
assayed is admixed with one or more nucleic acid probes 
under hybridizing conditions to form a hybridization com 
position. The 3'-terminal region of the nucleic acid probe 
hybridizes with partial or total complementarity to the 
nucleic acid target Sequence when that Sequence is present 
in the Sample. The 3'-terminal region of the nucleic acid 
probe includes an identifier nucleotide. The hybridization 
composition is maintained under hybridizing conditions for 
a time period Sufficient to form a treated Sample that may 
contain Said predetermined nucleic acid target Sequence 
hybridized with a nucleic acid probe. The treated sample is 
admixed with a depolymerizing amount of an enzyme whose 
activity is to release one or more nucleotides from the 
3'-terminus of a hybridized nucleic acid probe to form a 
treated reaction mixture. The treated reaction mixture is 
maintained under depolymerizing conditions for a timer 
period Sufficient to permit the enzyme to depolymerize 
hybridized nucleic acid and release identifier nucleotides 
therefrom. The presence of released identifier nucleotides is 
analyzed to obtain an analytical output, the analytical output 
indicating the presence or absence of the nucleic acid target 
Sequence. The analytical output may be obtained by various 
techniques as discussed above. 
0038. One method of the invention contemplates inter 
rogating the presence or absence of a specific base in a 
nucleic acid target Sequence in a Sample to be assayed, and 
comprises the following Steps. 
0039. A hybridization composition is formed by admix 
ing a Sample to be assayed with one or more nucleic acid 
probes under hybridizing conditions. The Sample to be 
assayed may contain a nucleic acid target Sequence to be 
interrogated. The nucleic acid target comprises at least one 
base whose presence or absence is to be identified. The 
hybridization composition includes at least one nucleic acid 
probe that is Substantially complementary to the nucleic acid 
target Sequence and comprises at least one predetermined 
nucleotide at an interrogation position, and an identifier 
nucleotide in the 3'-terminal region. 
0040. A treated sample is formed by maintaining the 
hybridization composition under hybridizing conditions for 
a time period Sufficient for base pairing to occur when a 
probe nucleotide at an interrogation position is aligned with 
a base to be identified in the target Sequence. A treated 
reaction mixture is formed by admixing the treated Sample 
with an enzyme whose activity is to release one or more 
identifier nucleotides from the 3'-terminus of a hybridized 
nucleic acid probe to depolymerize the hybrid. The treated 
reaction mixture is maintained under depolymerizing con 
ditions for a time period Sufficient to permit the enzyme to 
depolymerize the hybridized nucleic acid and release an 
identifier nucleotide. 
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0041 An analytical output is obtained by analyzing for 
the presence or absence of released identifier nucleotides. 
The analytical output indicates the presence or absence of 
the specific base or bases to be identified. The analytical 
output is obtained by various techniques, as discussed 
herein. Preferably, an identifier nucleotide is at the interro 
gation position. 

0042. In one aspect of a method of the invention, the 
nucleic acid target Sequence is Selected from the group 
consisting of deoxyribonucleic acid and ribonucleic acid. 
The method that identifies the particular base present at an 
interrogation position, optionally comprises a first probe, a 
Second probe, a third probe, and a fourth probe. An inter 
rogation position of the first probe comprises a nucleic acid 
residue that is a deoxyadenosine or adenosine residue. An 
interrogation position of the Second probe comprises a 
nucleic acid residue that is a deoxythymidine or uridine 
residue. An interrogation position of the third probe com 
prises a nucleic acid residue that is a deoxyguanosine or 
guanosine residue. An interrogation position of the fourth 
nucleic acid probe comprises a nucleic acid residue that is a 
deoxycytosine or cytosine residue. 

0043. In another aspect of the invention, the sample 
containing a plurality of target nucleic acid Sequences is 
admixed with a plurality of the nucleic acid probes. Several 
analytical outputs can be obtained from Such multiplexed 
assays. In a first embodiment, the analytical output obtained 
when at least one nucleic acid probes hybridizes with partial 
complementarity to one target nucleic acid Sequence is 
greater than the analytical output when all of the nucleic acid 
probes hybridize with total complementarity to their respec 
tive nucleic acid target Sequences. In a Second embodiment, 
the analytical output obtained when at least one nucleic acid 
probe hybridizes with partial complementarity to one target 
nucleic acid Sequence is less than the analytical output when 
all of the nucleic acid probes hybridize with total comple 
mentarity to their respective nucleic acid target Sequences. 
In a third embodiment, the analytical output obtained when 
at least one nucleic acid probe hybridizes with total comple 
mentarity to one nucleic acid target Sequence is greater than 
the analytical output when all of the nucleic acid probes 
hybridize with partial complementarity to their respective 
nucleic acid target Sequences. In a fourth embodiment, the 
analytical output obtained when at least one nucleic acid 
probe hybridizes with total complementarity to one target 
nucleic acid Sequence is less than the analytical output when 
all of the nucleic acid probes hybridize with partial comple 
mentarity to their respective nucleic acid target Sequences. 
The depolymerizing enzymes are as described herein. 

0044. Yet another embodiment of the invention contem 
plates a method for determining the presence or absence of 
a first nucleic acid target in a nucleic acid Sample that may 
contain that target or may contain a Substantially identical 
Second target. For example, the Second target may have a 
base Substitution, deletion or addition relative to the first 
nucleic acid target. This embodiment comprises the follow 
ing steps. 

0.045. A sample to be assayed is admixed with one or 
more nucleic acid probes under hybridizing conditions to 
form a hybridization composition. The first and Second 
nucleic acid targets each comprise a region of Sequence 
identity except for at least a single nucleotide at a predeter 
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mined position that differs between the targets. The nucleic 
acid probe is Substantially complementary to the nucleic 
acid target region of Sequence identity and comprises at least 
one nucleotide at an interrogation position. An interrogation 
position of the probe is aligned with the predetermined 
position of a target when a target and probe are hybridized. 
The probe also includes an identifier nucleotide in the 
3'-terminal region. 
0046) The hybridization composition is maintained under 
hybridizing conditions for a time period Sufficient to form a 
treated Sample wherein the nucleotide at the interrogation 
position of the probe is aligned with the nucleotide at the 
predetermined position in the region of identity of the target. 
0047 A treated reaction mixture is formed by admixing 
the treated Sample with a depolymerizing amount of an 
enzyme whose activity is to release one or more nucleotides 
from the 3'-terminus of a hybridized nucleic acid probe. The 
reaction mixture is maintained under depolymerization con 
ditions for a time period Sufficient to permit the enzyme to 
depolymerize the hybridized nucleic acid and release the 
identifier nucleotide. 

0048. An analytical output is obtained by analyzing for 
the presence or absence of released identifier nucleotides. 
The analytical output indicates the presence or absence of 
the nucleotide at the predetermined region, and; thereby, the 
presence or absence of a first nucleic acid target. 
0049. One aspect of the above method is comprised of a 

first probe and a second probe. The first probe comprises a 
nucleotide an interrogation position that is complementary 
to a first nucleic acid target at a predetermined position. The 
Second probe comprises a nucleotide at an interrogation 
position that is complementary to a Second nucleic acid 
target at a predetermined position. 
0050. In one aspect of a process of the invention, the 
depolymerizing enzyme, whose activity is to release nucle 
otides, is a template-dependent polymerase, whose activity 
is to depolymerize hybridized nucleic acid whose 3'-termi 
nal nucleotide is matched, in the 3'->5' direction in the 
presence of pyrophosphate ions to release one or more 
nucleotides. Thus, the enzyme’s activity is to depolymerize 
hybridized nucleic acid to release nucleotides under depo 
lymerizing conditions. Preferably, this enzyme depolymer 
izes hybridized nucleic acids whose bases in the 3'-terminal 
region of the probe are matched with total complementarity 
to the corresponding bases of the nucleic acid target. The 
enzyme will continue to release properly paired bases from 
the 3'-terminal region and will Stop when the enzyme arrives 
at a base that is mismatched. 

0051. In an alternative aspect of the process (method), the 
depolymerizing enzyme, whose activity is to release nucle 
otides, exhibits a 3'->5' exonuclease activity in which 
hybridized nucleic acids having one or more mismatched 
bases at the 3'-terminus of the hybridized probe are depo 
lymerized. Thus, the enzyme’s activity is to depolymerize 
hybridized nucleic acid to release nucleotides under depo 
lymerizing conditions. In this embodiment, the hybrid may 
be separated from the free probe prior to enzyme treatment. 
In Some embodiments, an excess of target may be used So 
that the concentration of free probe in the enzyme reaction 
is extremely low. 
0052 Instill another alternative aspect of a process of the 
invention, the depolymerizing enzyme exhibits a 3' to 5' 
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exonuclease activity on a double-stranded DNA substrate 
having one or more matched bases at the 3' terminus of the 
hybrid. The enzyme’s activity is to depolymerize hybridized 
nucleic acid to release nucleotides containing a 5" phosphate 
under depolymerizing conditions. 
0053. In particularly preferred embodiments where 
greater sensitivity is desired, ATP molecules are formed by 
a phosphate transferring step, (e.g. using NDPK in the 
presence of ADP), from the dNTPs produced by the depo 
lymerizing Step. In Some embodiments, the ATP can be 
amplified to form a plurality of ATP molecules. 
0054. In one aspect of the invention, the nucleic acid 
Sample to be assayed is obtained from a biological Sample 
that is a Solid or liquid. Exemplary Solid biological Samples 
include animal tissueS Such as those obtained by biopsy or 
post mortem, and plant tissueS Such as leaves, roots, Stems, 
fruit and Seeds. Exemplary liquid Samples include body 
fluids Such as Sputum, urine, blood, Semen and Saliva of an 
animal, or a fluid Such as Sap or other liquid obtained when 
plant tissues are cut or plant cells are lysed or crushed. In one 
aspect of the method, the predetermined nucleic acid target 
Sequence is a microbial or viral nucleic acid. 
0055. In some preferred embodiments of the invention, 
the predetermined nucleic acid target Sequence is a viral 
nucleic acid. Viral load, the amount of virus present, can be 
determined from the magnitude of the analytical output from 
a predetermined amount of biological Sample Such as animal 
fluid or tissue. In Some preferred embodiments, the presence 
or absence of a mutation in the Viral genome can be 
determined. 

0056. In another aspect of the method, the nucleic acid 
Sample is obtained from a food Source. In one process of the 
method, the food Source is a plant or is derived from plant 
material, and the predetermined nucleic acid target Sequence 
is a Sequence not native to that plant. In one aspect of the 
method, the nucleic acid Sequence not native to the Subject 
plant is a transcription control Sequence. In one preferred 
embodiment of the invention, the transcription control 
sequence is the 35S promoter or the NOS terminator, or 
both. In another aspect of the method, the predetermined 
nucleic acid target Sequence in a food Source Sample is a 
Sequence native to the plant. 

0057 Another embodiment of the invention contem 
plates a method for selectively detecting poly(A)" RNA, and 
comprises the following Steps. A hybridization composition 
is formed by admixing, under hybridizing conditions, a 
Sample to be assayed with an oligo(dT) probe including a 3 
terminal region identifier nucleotide. The hybridization 
composition is maintained under hybridizing conditions for 
a time period Sufficient to form a treated Sample that contains 
the poly(A)" RNA target sequence hybridized with the 
oligo(dT) probe. A treated reaction mixture is formed by 
admixing the treated Sample with an enzyme whose activity 
is to release one or more identifier nucleotides from the 
3'-terminal region of the nucleic acid hybrid. The reaction 
mixture is maintained under depolymerizing conditions for 
a time period Sufficient to permit the enzyme to depolymer 
ize the hybridized nucleic acid and release an identifier 
nucleotide. An analytical output is obtained by analyzing the 
reaction mixture for the presence of released identifier 
nucleotide. The analytical output indicates the presence of 
poly(A)" RNA. 
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0058 A further embodiment of the invention, such as is 
used for Single Tandem Repeat (STR) detection, contem 
plates a method for determining the number of known 
Sequence repeats that are present in a nucleic acid target 
Sequence in a nucleic acid Sample. A method for determining 
the number of known Sequence repeats comprises the fol 
lowing Steps. A plurality of Separate treated Samples is 
provided. Each treated Sample contains a nucleic acid target 
Sequence hybridized with a nucleic acid probe. The nucleic 
acid target Sequence contains a plurality of known Sequence 
repeats and a downstream non-repeated region. Each nucleic 
acid probe contains a different number of complementary 
repeats of the known Sequence, an identifier nucleotide in 
the 3'-terminal region and a 5'-terminal locker Sequence. The 
5'-terminal locker Sequence is complementary to the down 
Stream non-repeated region of the target and comprises 1 to 
about 20 nucleotides, preferably 5 to 20 nucleotides, most 
preferably 10 to 20 nucleotides. The various probes repre 
Sent complements to possible alleles of the target nucleic 
acid. A treated depolymerization reaction mixture is formed 
by admixing each treated Sample with a depolymerizing 
amount of an enzyme whose activity is to release one or 
more nucleotides from the 3'-terminus of a hybridized 
nucleic acid probe. The treated depolymerization reaction 
mixture is maintained under depolymerizing conditions for 
a time period Sufficient to permit the enzyme to depolymer 
ize the hybridized nucleic acid probe and release an identi 
fier nucleotide. The Samples are analyzed for the presence or 
absence of released identifier nucleotide to obtain an ana 
lytical output. The analytical output from the Sample whose 
probe contained the same number of Sequence repeats as 
present in the target nucleic acid is indicative of and deter 
mines the number of Sequence repeats present in the nucleic 
acid target. 
0059. In one aspect of the method, the nucleic acid 
Sample contains two nucleic acid targets representing alle 
les, and is homozygous with respect to the number of known 
Sequence repeats of the two alleles. In an alternative method 
of the invention, the nucleic acid Sample is heterozygous 
with respect to the two alleles. In another method of the 
invention, an identifier nucleotide is a nucleotide that is part 
of the region containing a repeated Sequence. In an alterna 
tive method of the invention, an identifier nucleotide of the 
probe Sequence is part of the region containing a non 
repeating Sequence that is complementary to that located in 
the target nucleic acid 5' to the repeated known Sequence. In 
this latter aspect of the method, the identifier nucleotide is 
present in a Sequence containing 1 to about 20 nucleic acids 
that is complementary to a non-repeating Sequence of the 
target nucleic acid located in the probe 3' to the known 
Sequence repeats. The repeated known Sequence present in 
a nucleic acid target Sequence typically has a length of 2 to 
about 24 bases per repeat. 

0060 A further embodiment of the invention contem 
plates a method using thermostable DNA polymerase as a 
depolymerizing enzyme for determining the presence or 
absence of a at least one predetermined nucleic acid target 
Sequence in a nucleic acid Sample, and comprises the 
following Steps. 

0061 A treated sample is provided that may contain a 
predetermined nucleic acid target Sequence hybridized to a 
nucleic acid probe whose 3'-terminal region is complemen 
tary to the predetermined nucleic acid target Sequence and 



US 2005/0214753 A1 

includes an identifier nucleotide in the 3'-terminal region. A 
treated depolymerization reaction mixture is formed by 
admixing a treated Sample with a depolymerizing amount of 
a enzyme whose activity is to release an identifier nucleotide 
from the 3'-terminus of a hybridized nucleic acid probe. In 
a preferred one-pot embodiment, the depolymerizing 
enzyme is thermostable and more preferably, the treated 
reaction mixture also contains (i) adenosine 5' diphosphate, 
(ii) pyrophosphate, and (iii) a thermostable nucleoside 
diphosphate kinase (NDPK). 
0062) The treated sample is maintained under depolymer 
izing conditions at a temperature of about 40 C. to about 
90° C., more preferably at a temperature of about 20° C. to 
about 90° C., and most preferably at a temperature of about 
25 C. to about 80 C., for a time period sufficient to permit 
the depolymerizing enzyme to depolymerize the hybridized 
nucleic acid probe and release an identifier nucleotide as a 
nucleoside triphosphate. In preferred one-pot reactions, the 
time period is also sufficient to permit NDPK enzyme to 
transfer a phosphate from the released nucleoside triphos 
phate to added ADP, thereby forming ATP. The presence or 
absence of a nucleic acid target Sequence is determined from 
the analytical output obtained using ATP. In a preferred 
method of the invention, analytical output is obtained by 
luminescence spectrometry. 
0.063. In another aspect of the thermostable enzyme one 
pot method for determining the presence or absence of a 
predetermined nucleic acid target Sequence in a nucleic acid 
sample, the treated sample is formed by the following 
further steps. A hybridization composition is formed by 
admixing the Sample to be assayed with one or more nucleic 
acid probes under hybridizing conditions. The 3'-terminal 
region of the nucleic acid probe (i) hybridizes with partial or 
total complementarity to a nucleic acid target Sequence 
when that Sequence is present in the sample, and (ii) includes 
an identifier nucleotide. A treated Sample is formed by 
maintaining the hybridization composition under hybridiz 
ing conditions for a time period Sufficient for the predeter 
mined nucleic acid target Sequence to hybridize with the 
nucleic acid probe. 
0.064 Preferably, the depolymerizing enzyme is from a 
group of thermophilic DNA polymerases comprising Tne 
triple mutant DNA polymerase, Tne DNA polymerase, Taq 
DNA polymerase, Ath DNA polymerase, Tvu DNA poly 
merase, Bst DNA polymerase, and Tth DNA polymerase. In 
another aspect of the method, the NDPK is that encoded for 
by the thermophilic bacteria Pyrococcus furiosis (Pfu). 
0065. Another embodiment of the invention contem 
plates a method for enhancing the discrimination of analyti 
cal output between a target/probe hybrid with a matched 
base at an interrogation position and a Substantially identical 
target/probe hybrid with a mismatched base at the same 
interrogation position. This embodiment is useful for the 
determination of the presence or absence of a predetermined 
nucleic acid in a target nucleic acid Sequence in a nucleic 
acid Sample, and comprises the following Steps. 
0.066 A plurality of separate treated samples is provided. 
Each treated Sample contains a nucleic acid target Sequence 
that may contain the predetermined nucleic acid. Each 
nucleic acid target Sequence is hybridized with a nucleic acid 
probe. 
0067. A first probe of a first treated sample comprises a 
3'-terminal region Sequence that is complementary to the 
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nucleic acid target Sequence. The first probe includes an 
identifier nucleotide. This identifier nucleotide is comple 
mentary to the first-named target nucleic acid. The first 
probe also contains a Second Sequence otherwise comple 
mentary to the nucleic acid target Sequence except for a 
Second predetermined nucleotide that is not complementary 
to the target Sequence and is located about 2 to about 10 
nucleotides upstream from the 3'-terminal nucleotide of the 
first probe. This Second predetermined nucleotide mis 
matched base acts to further destabilize the hybridized probe 
and enhances discrimination as discussed above. 

0068 A second probe of a second treated sample contains 
a 3'-terminal region Sequence that is complementary to the 
Same nucleic acid target Sequence as the first probe, except 
for an identifier nucleotide in the 3'-terminal region that is 
not complementary to the first predetermined nucleic acid of 
the first-named target nucleic acid. The Second probe also 
contains a Second Sequence otherwise complementary to the 
target Sequence except for a Second predetermined nucle 
otide (the same Second predetermined nucleotide as the first 
probe) that is not complementary to the target Sequence and 
exists about 2 to about 10 nucleotides upstream from the 
3'-terminal nucleotide of said probe. 
0069. Each treated sample is admixed with a depolymer 
izing amount of an enzyme whose activity is to release one 
or more nucleotides from the 3'-terminus of a hybridized 
nucleic acid probe to form a treated reaction mixture. The 
treated reaction mixtures are maintained for a time period 
Sufficient to permit the enzyme to depolymerize a hybridized 
nucleic acid probe and release an identifier nucleotide there 
from. 

0070 The samples are analyzed for the presence or 
absence of released identifier nucleotide to obtain an ana 
lytical output. Analysis may include conversion of released 
identifier nucleotide to ATP by NDPK in the presence of 
ADP, followed by analysis of the amount of ATP present. 
0071. The ratio of the analytical output from the sample 
containing the first probe relative to that of the Sample 
containing the Second probe is enhanced compared to the 
ratio of the analytical output from a similar Set of treated 
Samples (samples 3 and 4) that contain the same target and 
probes as do Samples 1 and 2 respectively, but whose probes 
do not contain the Second predetermined nucleic acid that is 
not complementary destabilizing mismatched base(s) 
when hybridized with the target. This second predetermined 
nucleic acid in the first and Second probes is located at about 
2 to about 10 nucleotides upstream from the 3' terminal 
nucleotide of the probe, preferably 3 to 6 nucleotides 
upstream. Therefore, the third probe is identical to the first 
probe except that the third probe does not contain a nucle 
otide, located at about 2 to about 10 nucleotides upstream 
from the 3' terminal nucleotide, that is a mismatch when the 
probe is hybridized to the target Sequence. Likewise, the 
fourth probe is identical to the Second probe except that the 
fourth probe does not contain a nucleotide, located at about 
2 to about 10 nucleotides upstream from the 3' terminal 
nucleotide that is a mismatch when the probe is hybridized 
to the target Sequence. Instead, the third and fourth probes 
have a complementary base at the same position as the 
Second predetermined nucleic acid that is not complemen 
tary in the first and Second probes. The nucleic acid target 
Sequence is Substantially the same for all four probes. 
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0.072 A still further method of the invention contem 
plates determining whether the presence or absence of a 
nucleic acid target Sequence in a nucleic acid Sample results 
from a locus that is homozygous or heterozygous for the two 
alleles at the locus. This method is comprised of the fol 
lowing Steps. A plurality of Separate treated Samples is 
provided. Each Sample may contain a nucleic acid target 
Sequence hybridized with a nucleic acid probe. The nucleic 
acid target Sequence consists of either a first allele, a Second 
allele, or a mixture of first and Second alleles of the nucleic 
acid target. The alleles differ in Sequence at an interrogation 
position. The nucleic acid probe contains an identifier nucle 
otide in the 3'-terminal region that is aligned at an interro 
gation nucleotide position of the target Sequence when the 
probe and target are hybridized. 

0.073 A treated reaction mixture is formed by admixing 
each treated Sample with a depolymerizing amount of an 
enzyme whose activity is to release one or more nucleotides 
from the 3'-terminus of a hybridized nucleic acid probe. The 
treated reaction mixture is maintained under depolymerizing 
conditions for a time period Sufficient to permit the enzyme 
to depolymerize the hybridized nucleic acid probe and 
release an identifier nucleotide. The Samples are analyzed 
for the presence or absence of released identifier nucleotides 
to obtain an analytical output. The analytical output is 
quantifiable and thus determines whether the Sample is 
homozygous or heterozygous when compared to the ana 
lytical output of appropriate controls. 

0.074. A multiplexed version of this embodiment is also 
contemplated, wherein probes for two or more alleles are 
provided, each distinguishable, but preferably having the 
Same lengths. Then, after hybridization, depolymerization, 
and analysis according to the invention, the relative analyti 
cal output for the various distinguishable identifier nucle 
otides or remaining probes will Show whether the Sample is 
homozygous or heterozygous and for which alleles. Another 
multiplexed version of this embodiment is contemplated, 
wherein probes for alleles at a plurality of loci are provided. 
Preferably, the different loci have substantially different 
target Sequences. Probes for the various alleles at each locus 
are preferably of the same length. Each of the probes should 
be distinguishable either by analysis of the released identi 
fier nucleotide or the remaining probe after depolymeriza 
tion. 

0075) A still further embodiment of the invention con 
templates determining the presence or absence of a nucleic 
acid target Sequence in a nucleic acid Sample with a probe 
that is hybridized to the target and then modified to be able 
to form a hairpin Structure. This embodiment comprises the 
following StepS. 

0.076 A treated sample is provided that contains a nucleic 
acid Sample that may include a nucleic acid target Sequence 
having an interrogation position hybridized with a nucleic 
acid probe. The probe is comprised of at least two Sections. 
The first section contains the probe 3'-terminal about 10 to 
about 30 nucleotides. These nucleotides are complementary 
to the target Strand Sequence at positions beginning about 1 
to about 30 nucleotides downstream of the interrogation 
position. The Second Section of the probe is located at the 
5'-terminal region of the probe and contains about 10 to 
about 20 nucleotides of the target Sequence. This Sequence 
spans the region in the target from the nucleotide at or just 
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upstream (5') of the interrogation position, to the nucleotide 
just upstream to where the 3'-terminal nucleotide of the 
probe anneals to the target. An optional third Section of the 
probe, from Zero to about 50, and preferably about Zero to 
about 20 nucleotides in length and comprising a Sequence 
that does not hybridize with either the first or second section, 
is located between the first and Second Sections of the probe. 
0077. The probe of the treated sample is extended in a 
template-dependent manner, as by admixture with dNTPs 
and a template-dependent polymerase, at least through the 
interrogation position, thereby forming an extended probe/ 
target hybrid. In a preferred embodiment, the length of the 
probe extension is limited by omission from the extension 
reaction of a DNTP complementary to a nucleotide of the 
target Sequence that is present upstream of the interrogation 
position and absent between the nucleotide complementary 
to the 3'-end of the interrogation position. 
0078. The extended probe/target hybrid is separated from 
any unreacted dNTPs. The extended probe/target hybrid is 
denatured to Separate the Strands. The extended probe Strand 
is permitted to form a hairpin Structure. 

0079 A treated reaction mixture is formed by admixing 
the hairpin Structure-containing composition with a depoly 
merizing amount of an enzyme whose activity is to release 
one or more nucleotides from the 3'-terminus of an extended 
probe hairpin Structure. The reaction mixture is maintained 
under depolymerizing conditions for a time period Sufficient 
for the depolymerizing enzyme to release 3'-terminus nucle 
otides, and then analyzed for the presence of released 
identifier nucleotides. The analytical output indicates the 
presence or absence of the nucleic acid target Sequence. 

0080 A still further embodiment of the invention, termed 
REAPERTM, also utilizes hairpin structures. This method 
contemplates determining the presence or absence of a 
nucleic acid target Sequence, or a specific base within the 
target Sequence, in a nucleic acid Sample, and comprises the 
following Steps. A treated Sample is provided that contains 
a nucleic acid Sample that may include a nucleic acid target 
Sequence hybridized with a first nucleic acid probe Strand. 

0081. The hybrid is termed the first hybrid. The first 
probe is comprised of at least two Sections. The first Section 
contains the probe 3'-terminal about 10 to about 30 nucle 
otides that are complementary to the target nucleic acid 
Sequence at a position beginning about 5 to about 30 
nucleotides downstream of the target interrogation position. 
The second section of the first probe contains about 5 to 
about 30 nucleotides that are a repeat of the target Sequence 
from the interrogation position to about 10 to about 30 
nucleotides downstream of the interrogation position, and 
does not hybridize to the first section of the probe. An 
optional third section of the probe, located between the first 
and Second Sections of the probe, is Zero to about 50, 
preferably up to about 20, nucleotides in length and com 
prises a Sequence that does not hybridize to either the first or 
Second Section. 

0082 The first hybrid in the treated sample is extended at 
the 3'-end of the first probe, thereby extending the first probe 
past the interrogation position and forming an extended first 
hybrid whose Sequence includes an interrogation position. 
The extended first hybrid is comprised of the original target 
nucleic acid and extended first probe. The extended first 
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hybrid is then denatured in an aqueous composition to 
Separate the two nucleic acid Strands of the hybridized 
duplex and form an aqueous Solution containing a separated 
target nucleic acid and a separated extended first probe. 
0083) A second probe, that is about 10 to about 2000, 
preferably about 10 to about 200, most preferabley about 10 
to about 30 nucleotides in length and is complementary to 
the extended first probe at a position beginning about 5 to 
about 2000, preferably about 5 to about 200, nucleotides 
downstream of the interrogation position in extended first 
probe, is annealed to the extended first probe, thereby 
forming the second hybrid. The second hybrid is extended at 
the 3'-end of the second probe until that extension reaches 
the 5'-end of the extended first probe, thereby forming a 
Second extended hybrid whose 3'-region includes an iden 
tifier nucleotide. In preferred embodiments the extending 
polymerase for both extensions does not add a nucleotide to 
the 3' end that does not have a corresponding complemen 
tary nucleotide in the template. 
0084. An aqueous composition of the extended second 
hybrid is denatured to Separate the two nucleic acid Strands. 
The aqueous composition So formed is cooled to form a 
"hairpin Structure' from the Separated extended Second 
probe when the target Sequence is present in the original 
nucleic acid Sample. 
0085. A treated reaction mixture is formed by admixing 
the hairpin Structure-containing composition with a depoly 
merizing amount of an enzyme whose activity is to release 
one or more nucleotides from the 3'-terminus of a nucleic 
acid hybrid. The reaction mixture is maintained under depo 
lymerizing conditions for a time period Sufficient to release 
3'-terminal region identifier nucleotides, and then analyzed 
for the presence of released identifier nucleotides. The 
analytical output indicates the presence or absence of the 
nucleic acid target Sequence. 
0.086 A further method of the invention contemplates a 
method for determining the presence or absence of a restric 
tion endonuclease recognition Sequence in a nucleic acid 
Sample that comprises the following Steps. A treated Sample 
is provided that may contain a hybridized nucleic acid target 
that has a cleaved restriction endonuclease recognition 
Sequence that includes an identifier nucleotide in the restric 
tion endonuclease recognition Sequence. The treated Sample 
is admixed with a depolymerizing amount of an enzyme 
whose activity is to release one or more nucleotides from the 
3'-terminus of a restriction endonuclease recognition 
Sequence to form a treated reaction mixture. The treated 
reaction mixture is maintained under depolymerizing con 
ditions for a time period Sufficient to permit the enzyme to 
depolymerize hybridized nucleic acid and release identifier 
nucleotide therefrom. Finally, the treated reaction mixture is 
analyzed for the presence of released identifier nucleotides 
to obtain an analytical output, the analytical output indicat 
ing the presence or absence of the restriction endonuclease 
recognition Sequence in the nucleic acid target. 
0087. In a preferred embodiment, the process includes 
the further Steps of forming a treated Sample by providing an 
endonuclease cleavage reaction Solution comprising a 
nucleic acid Sample and a restriction endonuclease enzyme 
Specific for the restriction endonuclease recognition 
Sequence and maintaining the endonuclease cleavage reac 
tion solution for a time period sufficient for the restriction 
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endonuclease enzyme to cleave the restriction endonuclease 
recognition Sequence to form a treated Sample. 
0088. In a further preferred embodiment, the process 
includes the further Step of amplifying a nucleic acid target 
Sequence in a nucleic acid Sample prior to providing the 
restriction endonuclease recognition Sequence. 
0089. In a still further preferred embodiment, the nucleic 
acid target Sequence of the proceSS is amplified by the 
following further StepS. 
0090. A crude nucleic acid sample is admixed with PCR 
amplification primers that are complementary to regions 
upstream and downstream of the nucleic acid target 
Sequence and a template-dependent polymerase to form an 
amplification Sample mixture wherein either the nucleic acid 
target Sequence or the PCR amplification primers includes a 
restriction endonuclease recognition Sequence. The ampli 
fication Sample mixture is maintained under denaturing 
conditions for a time period Sufficient to denature the nucleic 
acid target Sequence to form a denatured amplification 
reaction mixture. The denatured amplification mixture is 
annealed under hybridization conditions for a time period 
sufficient for PCR amplification primers to anneal to the 
nucleic acid target Sequence to form an amplification reac 
tion mixture. Finally, the amplification reaction mixture is 
maintained for a time period Sufficient to permit the tem 
plate-dependent polymerase to extend the nucleic acid from 
the PCR primers to form an amplified nucleic acid sample. 
The amplification cycle is repeated as usual for PCR to 
obtain a PCR amplification product that has restriction 
endonuclease recognition sites in it. This PCR amplification 
product is purified and reacted with a depolymerizing 
enzyme as described above. 
0091 Another embodiment of the invention contem 
plates a method for determining the loSS of heterozygosity 
(LOH) of a locus of an allele that comprises the following 
StepS. 

0092 A plurality of separate treated samples is provided, 
each Sample containing a nucleic acid target Sequence 
hybridized with a nucleic acid probe. The nucleic acid target 
Sequence is that of a first allele or a mixture of the first allele 
and a Second allele of the nucleic acid target, wherein the 
alleles differ in Sequence. The nucleic acid probe contains a 
3'-terminal region that hybridizes to a target Sequence when 
the probe and target are hybridized. 
0093. Each treated sample is admixed with a depolymer 
izing amount of an enzyme whose activity is to release one 
or more nucleotides from the 3'-terminus of a hybridized 
nucleic acid probe to form a treated reaction mixture. The 
treated reaction mixture is maintained under depolymerizing 
conditions for a time period Sufficient to depolymerize 
hybridized nucleic acid probe and release identifier nucle 
otides. The Samples are then analyzed for the quantity of 
released identifier nucleotides to obtain an analytical output, 
the analytical output indicating whether the nucleic acid 
target Sequence in a nucleic acid Sample has lost heterozy 
gosity at the locus of the allele. 
0094. In preferred LOH embodiments, the analytical out 
put is obtained by luminescence spectroscopy, absorbance 
Spectrometry, mass Spectrometry or fluorescence Spectros 
copy. In another preferred embodiment, the released iden 
tifier nucleotide includes a fluorescent label. The identifier 
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nucleotide is optionally fluorescently labeled after release 
from the hybrid. It is contemplated that in the above ana 
lytical methods, either the released identifier nucleotide or 
the remainder of the probe can be evaluated to determine 
whether identifier nucleotide had been released, as described 
herein. 

0095. In another preferred LOH embodiment, the enzyme 
whose activity is to release nucleotides is a template 
dependent polymerase that, in the presence of pyrophoS 
phate ions, depolymerized hybridized nucleic acids whose 
bases in the 3'-terminal region are completely complemen 
tary to bases of the nucleic acid target. 
0096. In one aspect of the LOH embodiment, the quantity 
of the released identifier nucleotides for the first allele is 
Substantially less than the quantity of the released identifier 
nucleotide for the first allele of a known heterozygous 
control Sample, and the quantity of the released identifier 
nucleotides for the Second allele is Substantially similar to 
that of the released identifier nucleotide for the second allele 
of a known heterozygous control Sample, indicating a loSS of 
heterozygosity at the locus of the first allele. 

0097. In another aspect of the LOH embodiment, the 
quantity of the released identifier nucleotides for the Second 
allele is Substantially less than the quantity of the released 
identifier nucleotides for the second alleles of a known 
heterozygous control Sample, and the quantity of the 
released identifier nucleotides for the first allele is Substan 
tially similar to that of the released identifier nucleotide for 
the first allele of a known heterozygous control Sample, 
indicating a loSS of heterozygosity at the locus of the Second 
allele. The known heteozygous control has analytical output 
for the treated Samples indicating alleles one and two are 
present in the Sample at about a 1:1 ratio. A Sample with loSS 
of heterozygosity has an analytical output for the treated 
Samples indicating alleles one and two are present in the 
Sample at a 1:0 or 0:1 ratio respectively when compared to 
the analytical output of a known heterozygous control 
Sample. 

0098. A still further preferred embodiment of the inven 
tion contemplates a method for determining the presence of 
trisomy of an allele that comprises the following Steps. 
0099. A plurality of separate treated samples is provided, 
wherein each Sample contains a nucleic acid target Sequence 
hybridized with a nucleic acid probe. The nucleic acid target 
Sequence is that of a first allele, a Second allele or a mixture 
of the first and Second alleles of the nucleic acid target. The 
alleles differ in Sequence at an interrogation position. The 
nucleic acid probe contains a 3'-terminal region that hybrid 
izes to a region of the nucleic acid target Sequence contain 
ing the interrogation nucleotide position when the probe and 
target are hybridized. The nucleic acid probe also contains 
an identifier nucleotide. 

0100 Each treated sample is admixed with a depolymer 
izing amount of an enzyme whose activity, under depoly 
merizing conditions, is to release one or more nucleotides 
from the 3'-terminus of a hybridized nucleic acid probe to 
form a treated reaction mixture. The treated reaction mixture 
is maintained for a time period Sufficient to depolymerize 
hybridized nucleic acid probe and release identifier nucle 
otides. The Samples are analyzed for released identifier 
nucleotides to obtain an analytical output, the magnitude of 
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the analytical output relative to an analytical output of an 
appropriate control Sample indicating whether a trisomy is 
present in the nucleic acid target Sequence. 
0101 For trisomy analysis, preferably the analytical out 
put is obtained by luminescence spectroscopy, absorbance 
Spectrometry, fluorescence spectroScopy, or mass spectrom 
etry. the released identifier nucleotide preferably includes a 
fluorescent label. The identifier nucleotide is optionally 
fluorescently labeled after release from the hybrid. 
0102) In a preferred embodiment for trisomy analysis, the 
enzyme whose activity is to release nucleotides is a tem 
plate-dependent polymerase, that, in the presence of pyro 
phosphate ions, depolymerizes hybridized nucleic acids 
whose bases in the 3' terminal region are completely 
complementary to bases of Said nucleic acid target. 
0103) In one embodiment, the quantity of the released 
identifier nucleotide for the first allele is substantially greater 
than the quantity of the released identifier nucleotide of a 
control Sample homozygous for the first allele, indicating 
that the nucleic acid target Sequence has a trisomy. Prefer 
ably, the quantity of released identifier is expressed as a 
ratio. For example, a normal heterozygote has about a 1:1 
ratio of the analytical output for the two alleles. If the 
trisomy is homozygous for either allele, the ratio is about 
three times the value for that allele in a normal heterozygote 
that has none of the other allele. If the trisomy is heterozy 
gous, then the ratio is about 2:1 of one allele to the other 
when compared to the analytical output of a control het 
erOZygote. 

0104. An embodiment of the invention contemplates a 
process to determine the presence or absence of a predeter 
mined single-Stranded nucleic acid target Sequence. Such a 
process comprises the following Steps. 

0105. A depolymerization reaction mixture is provided 
that comprises a pair of first and Second nucleic acid probes 
and a hybrid between a third probe and the nucleic acid 
target Sequence. The first and Second nucleic acid probes are 
complementary and form 3'-Overhangs on both ends of the 
duplex formed when each of the pair of complementary 
nucleic acid probes is hybridized with the other. The first of 
those probes is complementary to the nucleic acid target 
Sequence, whereas the Second has the Sequence of the 
nucleic acid target. A hybrid between a third probe and the 
nucleic acid target Sequence is present in the depolymeriza 
tion reaction mixture when the nucleic acid target Sequence 
is present in the nucleic acid Sample. Each of the first and 
third probes has an identifier nucleotide in its 3'-terminal 
region. The reaction mixture further comprises a depoly 
merizing amount of an enzyme whose activity is to release 
nucleotides from the 3'-terminus of a hybridized nucleic 
acid. 

0106 The reaction mixture is maintained under depoly 
merization conditions for a time period Sufficient to permit 
the enzyme to depolymerize the 3'-terminal region of the 
hybridized third probe to release identifier nucleotides and 
form a first treated reaction mixture. 

0107 The products of the first treated reaction mixture 
are denatured to form a denatured treated reaction mixture. 

0108. The denatured treated reaction mixture is main 
tained under hybridizing conditions for a time period Suffi 
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cient to form a Second depolymerization reaction mixture. 
That Second depolymerization reaction mixture comprises 
two components. The first is a hybrid formed between the 
first probe and the nucleic acid target Sequence, when the 
nucleic acid target Sequence is present in the nucleic acid 
Sample. The Second component is a hybrid formed between 
the 3'-terminal-depolymerized third probe and the second 
nucleic acid probe. One end of that second hybrid has a blunt 
end or a 5'-Overhang, as well as an identifier nucleotide in 
the 3'-terminal region. 
0109 The first and second hybrid components of the 
Second reaction mixture are depolymerized to release iden 
tifier nucleotide from the 3'-terminal regions of the hybrids 
to form a Second treated reaction mixture. The Second 
treated reaction mixture is analyzed for the presence of 
released identifier nucleotide to obtain an analytical output, 
the analytical output indicating the presence or absence of 
Said nucleic acid target Sequence. 
0110. In preferred practice, the first and third probes are 
the same. In addition, the denaturation, annealing and depo 
lymerization StepS are preferably repeated to further increase 
the number of nucleic acid hybrids from which identifier 
nucleotides are released prior to analysis of the amplification 
reaction mixture to detect released identifier nucleotide. 
Most preferably, the depolymerizing enzyme is thermo 
stable. 

0111. A related embodiment of the invention contem 
plates a process to determine the presence or absence of a 
predetermined double-Stranded nucleic acid target Sequence. 
The proceSS comprises the following Steps. 

0112 A first reaction mixture comprises first and second 
nucleic acid probes, third and fourth nucleic acid probes, and 
a depolymerizing enzyme. The first and Second complemen 
tary nucleic acid probes form 3'-Overhangs on both ends of 
the duplex formed when each of the complementary nucleic 
acid probes is hybridized with the other. Each of those 
probes is complementary to one or the other Strand of the 
nucleic acid target Sequence and has an identifier nucleotide 
in its 3'-terminal region. Hybrids between a third and fourth 
probe and each of the two Strands of the nucleic acid target 
Sequence are present when the nucleic acid target Sequence 
is present in the nucleic acid Sample. The third and fourth 
probes each have an identifier nucleotide in its 3'-terminal 
region. Also present is a depolymerizing amount of a depo 
lymerizing enzyme whose activity is to release nucleotides 
from the 3'-terminus of a hybridized nucleic acid. 

0113. The first reaction mixture is maintained for a time 
period Sufficient to permit the enzyme to depolymerize 
hybridized nucleic acid to release identifier nucleotide from 
the 3'-terminal region of the hybridized third and fourth 
probes and form a treated first reaction mixture. The prod 
ucts of the treated first reaction mixture are denatured to 
form a denatured treated reaction mixture. 

0114. The denatured treated reaction mixture is main 
tained under hybridizing conditions for a time period Suffi 
cient to form a Second reaction mixture. That Second reac 
tion mixture comprises two components. A first component 
is comprised of hybrids that lack a 3'-Overhang between each 
of the Strands of the target nucleic acid and each of the first 
and Second probes, when the nucleic acid target Sequence is 
present in the nucleic acid Sample. A Second component is 
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comprised of hybrids between each of the first and second 
probes and 3'-terminal region-depolymerized third and 
fourth probes. Each of the hybrids of each of the components 
contains one end that is blunt or has a 5'-Overhang, as well 
as an identifier nucleotide in the 3'-terminal region. 
0115 The hybrids of the first and second components 
above are depolymerized to release identifier nucleotide 
from the 3'-terminus of the hybridized probes to form a 
Second treated reaction mixture. The Second treated reaction 
mixture is analyzed for the presence of released identifier 
nucleotide to obtain an analytical output, the analytical 
output indicating the presence or absence of Said nucleic 
acid target Sequence. 

0116. In preferred practice, the first and third probes are 
the same. In addition, the denaturation, annealing and depo 
lymerization Steps are preferably repeated to further increase 
the number of nucleic acid hybrids from which identifier 
nucleotides are released prior to analysis of the amplification 
reaction mixture to detect released identifier nucleotide. 

0117. A further embodiment of the invention contem 
plates an isolated and purified nucleotide diphosphate kinase 
(NDPK) enzyme that exhibits higher NDPK activity at a 
temperature of about 50 to about 90 degrees C. relative to the 
NDPK activity at 37 degrees C. Such an NDPK is from Pfu 
and comprises the amino acid sequence of SEQ ID NO:90. 
Preferably, the isolated and purified NDPK enzyme has a 
DNA sequence shown in SEQ ID NO:91. 
0118. In a contemplated amplification and interrogation 
process of the invention, the presence or absence of a 
predetermined nucleic acid target Sequence is determined, 
comprising the following Steps. A ligation reaction Solution 
is provided, comprising a ligating amount of a ligase, a 
nucleic acid Sample and an open circle probe. The nucleic 
acid Sample may contain the predetermined nucleic acid 
target Sequence. The nucleic acid target Sequence has a 
3'-portion and a 5'-portion. The open circle probe has an 
open circle probe 3'-terminal region, a linker region, and an 
open circle probe 5'-terminal region. The open circle probe 
further comprises a detection primer target and an amplifi 
cation primer target. The amplification primer target is 
downstream of the detection primer target. 
0119 Upon hybridization between the open circle probe 
and the predetermined nucleic acid target Sequence, the open 
circle probe 3'-terminal region is complementary to a 
Sequence of the 3' portion of the nucleic acid target 
Sequence. Similarly, the open circle probe 5'-terminal region 
is complementary to a Sequence of the 5' portion of the 
nucleic acid target Sequence. 

0120) The ligation reaction solution optionally further 
comprises a polymerizing amount of a DNA polymerase and 
deoxynucleoside triphosphates. Preferably, this is when the 
hybridized open circle probe 3'-terminus is not adjacent and 
ligatable to the hybridized open circle probe 5'-terminus and 
a gap is present between those termini. 

0121 The ligation reaction solution is maintained for a 
time period Sufficient to permit the filling-in of the gap when 
DNA polymerase is present, and also for a time period 
Sufficient for ligation of the termini of the open circle probe 
to form a closed circular probe, and thus a treated ligation 
reaction Solution. 
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0122) The closed circular probe is admixed with an 
amplification primer, which hybridizes with the amplifica 
tion primer target, nucleoside triphosphates, and a polymer 
izing amount of a DNA polymerase to form a replication 
reaction mixture. The replication reaction mixture is main 
tained for a time period Sufficient to permit the extension of 
a nucleic acid Strand from the amplification primer. The 
extension product nucleic acid Strand comprises an interro 
gation target to form a treated replication mixture. 
0123. An interrogation probe is admixed with the treated 
replication mixture. The interrogation probe is complemen 
tary to the interrogation target, and comprises an identifier 
nucleotide in its 3'-terminal region. The treated replication 
mixture is denatured before, during or after addition of the 
probe to form a denatured mixture. Preferably, the treated 
replication mixture is denatured after addition of the probe. 
The denatured mixture is annealed to permit the formation 
of a hybrid between the interrogation probe and the inter 
rogation target, when present, thus forming an interrogation 
Solution. A depolymerizing amount of an enzyme, whose 
activity is to release one or more nucleotides from the 
3'-terminus of a hybridized nucleic acid probe, is admixed 
with the interrogation Solution, thus forming a depolymer 
ization reaction mixture. The depolymerization and analysis 
for released identifier nucleotide is as described above. 

0.124 Preferably, the depolymerizing enzyme is thermo 
stable. In a preferred embodiment, the free nucleotide triph 
osphates are separated from the treated replication mixture 
prior to the depolymerization Step. 
0.125 Optionally, in the above process wherein there is a 
gap present between the termini of the hybridized open 
circle probe, the portion of the predetermined nucleic acid 
target sequence between the 3'- and 5'-termini of the hybrid 
ized open circle probe that is opposite the gap contains three 
or fewer nucleotides and only nucleoside triphosphates 
complementary to the three or fewer nucleotides are present 
in the ligation reaction Solution. Preferably, a polymerizing 
amount of a DNA polymerase and nucleoside triphosphates 
are present in the ligation reaction Solution. Optionally, the 
open circle probe comprises a plurality of detection primer 
targets. Preferably, in the above process, the presence or 
absence of a plurality of predetermined nucleic acid targets 
is determined using a plurality of detection probes compris 
ing different identifier nucleotides. Analysis of the released 
identifier nucleotide is preferably done according to methods 
disclosed elsewhere herein. 

0.126 Another embodiment of the invention contem 
plates an amplification and interrogation process to deter 
mine the presence or absence of a predetermined nucleic 
acid target Sequence having a 3'-portion and a 5'-portion 
comprising the following StepS. 
0.127) Aligation reaction Solution is provided, comprising 

(i) a ligating amount of a ligase, (ii) a nucleic acid sample 
that may contain a predetermined nucleic acid target 
Sequence wherein the nucleic acid target Sequence has a 
3'-portion and a 5'-portion, (iii) a pair of ligation probes, the 
ligation probe further including a detection primer target and 
an amplification primer target, the amplification primer 
target being downstream of the detection primer target, 
wherein upon hybridization between the open circle probe 
and the nucleic acid target Sequence, the open circle probe 
3'-terminal region is complementary to a Sequence of the 
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3'-portion of the predetermined nucleic acid target Sequence, 
and the open circle probe 5'-terminal region is complemen 
tary to a sequence of the 5'-portion of Said predetermined 
nucleic acid target Sequence, and (iv) optionally further 
comprising a polymerizing amount of a DNA polymerase 
and deoxynucleoside triphosphates when the hybridized 
open circle probe 3'-terminus is not adjacent and ligatable to 
the hybridized open circle probe 5'-terminus and a gap is 
present between those termini. 
0128. The ligation reaction solution is maintained for a 
time period Sufficient to permit filling-in of the gap, when 
present, and ligation of the termini of the open circle probe 
to form a closed circular probe and a treated ligation reaction 
Solution. 

0129. The closed circular probe is admixed with an 
amplification primer that hybridizes with the amplification 
primer target, nucleoside triphosphates, and a polymerizing 
amount of a DNA polymerase to form a replication reaction 
mixture. 

0.130. The replication reaction mixture is maintained for 
a time period Sufficient to permit extension of a nucleic acid 
Strand from the amplification primer, wherein the extension 
product nucleic acid Strand comprises a interrogation target 
to form a treated replication mixture. 
0131) An interrogation probe is admixed with the treated 
replication mixture, wherein the interrogation probe is 
complementary to the interrogation target and comprises an 
identifier nucleotide in the 3'-terminal region. 
0132) The treated replication mixture is denatured to 
form a denatured mixture. 

0133. The denatured mixture is annealed to form a hybrid 
between the interrogation probe and the interrogation target 
when present to form an interrogation Solution. 
0.134. A depolymerizing amount of an enzyme whose 
activity is to release one or more nucleotides from the 
3'-terminus of a hybridized nucleic acid probe is admixed 
with the interrogation Solution to form a depolymerization 
reaction mixture. 

0.135 The depolymerization reaction mixture is main 
tained under depolymerizing conditions for a time period 
Sufficient to permit the enzyme to depolymerize hybridized 
nucleic acid and release identifier nucleotide therefrom. The 
presence of released identifier nucleotide is analyzed to 
obtain an analytical output, the analytical output indicating 
the presence or absence of the predetermined nucleic acid 
target Sequence. 

0.136 Preferably, the depolymerizing enzyme is thermo 
Stable. In one embodiment of the process, free nucleotide 
triphosphates are separated from the treated replication 
mixture prior to Step admixing a depolymerizing amount of 
an enzyme whose activity is to release one or more nucle 
otides from the 3'-terminus of a hybridized nucleic acid 
probe with the interrogation Solution to form a depolymer 
ization reaction mixture. In another embodiment of the 
process, there is a gap present between the termini of the 
hybridized open circle probe, the portion of the predeter 
mined nucleic acid target Sequence between the 3'- and 
5'-termini of the hybridized open circle probe that is oppo 
Site the gap contains three or fewer nucleotides and only 
nucleoside triphosphates complementary to the three or 
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fewer nucleotides are present in the ligation reaction Solu 
tion. Preferably, a polymerizing amount of a DNA poly 
merase and nucleoside triphosphates are present in the 
ligation reaction Solution. 
0.137 Optionally, the open circle probe comprises a plu 
rality of detection primer targets. Preferably, the presence or 
absence of a plurality of predetermined nucleic acid targets 
is determined using a plurality of detection probes compris 
ing different identifier nucleotides. 
0138 Optionally, analysis of the released identifier nucle 
otides is by mass Spectrometry. 
0.139. The present invention has many benefits and 
advantages, Several of which are listed below. 
0140. One benefit of the invention is that, in some 
embodiments, nucleic acid hybrids can be detected with 
very high levels of sensitivity without the need for radio 
chemicals or electrophoresis. 
0141 An advantage of the invention is that the presence 
or absence of one or more target nucleic acid(s) can be 
detected reliably, reproducibly, and with great Sensitivity. 
0142. A further benefit of the invention is that quantita 
tive information can be obtained about the amount of a target 
nucleic acid Sequence in a Sample. 
0143 A further advantage of the invention is that very 
Slight differences in nucleic acid Sequence are detectable, 
including single nucleotide polymorphisms (SNPs). 
0144. Yet another benefit of the invention is that the 
presence or absence of a number of target nucleic acid 
Sequences can be determined in the same assay. 
0145 Yet another advantage of the invention is that the 
presence or absence of a target nucleic acid can be deter 
mined with a Small number of reagents and manipulations. 
0146) Another benefit of the invention is that the pro 
ceSSes lend themselves to automation. 

0147 Still another benefit of the invention is its flexibility 
of use in many different types of applications and assays 
including, but not limited to, detection of mutations, trans 
locations, and SNPs in nucleic acid (including those asso 
ciated with genetic disease), determination of viral load, 
Species identification, Sample contamination, and analysis of 
forensic Samples. 
0148 Still further benefits and advantages of the inven 
tion will become apparent from the Specification and claims 
that follow. 

BRIEF DESCRIPTION OF THE DRAWING 

0149. In the drawings forming a portion of this disclo 
Sure, 

0150 FIG. 1 illustrates the annealing of the 10865 oli 
gonucleotide (SEQ ID NO:196) to 10870 wild type (SEQ ID 
NO: 194) and 10994 mutant (SEQ ID NO:195) oligonucle 
otides utilized in rolling circle amplification as FIG. 1A and 
FIG. 1B, respectively. Also shown are the annealing 
(hybridization) of oligonucleotide 10866 to oligonucleotide 
10865, as well as the hybridization of oligonucleotide probe 
10869 (SEQ ID NO:198) to oligonucleotide 10870 and of 
oligonucleotide probe 10989 (SEQ ID NO:199) to oligo 
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nucleotide 10994 as representations of the binding of those 
probes to the respective amplified Sequences. Arcuate lines 
in oligonucleotide 10865 are used to help illustrate the shape 
that oligonucleotide 10865 can assume when hybridized 
with either of oligonucleotides 10870 or 10994. 
0151 FIG. 2. illustrates the ReaperTM assay as illustrated 
in Example 89. FIG. 2A illustrates the first hybrid formed by 
the annealing of nucleic acid target SEQ ID NO: 286 (286) 
to first probe SEQ ID NO: 287 (287). An arrow points to an 
interrogation position in 286. 
0152 FIG. 2B illustrates the first extended hybrid 
formed by the annealing of 286 to the extended 287. 
Extended 287 is first extended probe SEQID NO: 288 (288). 
0153 FIG. 2C illustrates the second hybrid formed by 
annealing of 288 from the denatured nucleic acid molecule 
shown in FIG.2B to the second probe denoted SEQID NO: 
289 (289). An arrow points to the interrogation position in 
288. 

0154 FIG. 2D illustrates the extended second hybrid 
formed by the annealing of 288 and the extended 289 strand 
denoted SEQ ID NO: 290 (290). 
0155 FIG. 2E illustrates the 290 strand denatured from 
FIG. 2D and forming a hairpin structure. An arrow points to 
the interrogation position at the 3'-terminus of the hybrid. 

DEFINITIONS 

0156 To facilitate understanding of the invention, a num 
ber of terms are defined below. "Nucleoside', as used herein, 
refers to a compound consisting of a purine guanine (G) or 
adenine (A) or pyrimidine thymine (T), uridine (U) or 
cytidine (C) base covalently linked to a pentose, whereas 
"nucleotide' refers to a nucleoside phosphorylated at one of 
its pentose hydroxyl groups. “XTP”, “XDP” and “XMP' are 
generic designations for ribonucleotides and deoxyribo 
nucleotides, wherein the “TP” stands for triphosphate, “DP' 
stands for diphosphate, and “MP” stands for monophos 
phate, in conformity with Standard usage in the art. Subge 
neric designations for ribonucleotides are “NMP”, “NDP” or 
“NTP, and subgeneric designations for deoxyribonucle 
otides are “dNMP”, “DNDP” or “dNTP. Also included as 
"nucleoside', as used herein, are materials that are com 
monly used as Substitutes for the nucleosides above Such as 
modified forms of these bases (e.g. methyl guanine) or 
Synthetic materials well known in Such uses in the art, Such 
as inosine. 

O157. A “nucleic acid,” as used herein, is a covalently 
linked sequence of nucleotides in which the 3' position of the 
pentose of one nucleotide is joined by a phosphodiester 
group to the 5' position of the pentose of the next, and in 
which the nucleotide residues (bases) are linked in specific 
Sequence; i.e., a linear order of nucleotides. A "polynucle 
otide, as used herein, is a nucleic acid containing a 
Sequence that is greater than about 100 nucleotides in length. 
An "oligonucleotide,” as used herein, is a short polynucle 
otide or a portion of a polynucleotide. An oligonucleotide 
typically contains a Sequence of about two to about one 
hundred bases. The word "oligo' is Sometimes used in place 
of the word “oligonucleotide'. 
0158. A base “position” as used herein refers to the 
location of a given base or nucleotide residue within a 
nucleic acid. 
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0159. A “nucleic acid of interest,” as used herein, is any 
particular nucleic acid one desires to Study in a Sample. 
0160 The term “isolated” when used in relation to a 
nucleic acid or protein, refers to a nucleic acid Sequence or 
protein that is identified and Separated from at least one 
contaminant (nucleic acid or protein, respectively) with 
which it is ordinarily associated in its natural Source. ISO 
lated nucleic acid or protein is present in a form or Setting 
that is different from that in which it is found in nature. In 
contrast, non-isolated nucleic acids or proteins are found in 
the State they exist in nature. 
0.161 AS used herein, the term “purified” or “to purify” 
means the result of any proceSS which removes Some 
contaminants from the component of interest, Such as a 
protein or nucleic acid. The percent of a purified component 
is thereby increased in the Sample. 
0162 The term “wild-type,” as used herein, refers to a 
gene or gene product that has the characteristics of that gene 
or gene product that is most frequently observed in a 
population and is thus arbitrarily designated the “normal” or 
“wild-type” form of the gene. In contrast, the term “modi 
fied’ or “mutant” as used herein, refers to a gene or gene 
product that displayS modifications in Sequence and/or func 
tional properties (i.e., altered characteristics) when com 
pared to the wild-type gene or gene product. 
0163 Nucleic acids are known to contain different types 
of mutations. AS used herein, a "point' mutation refers to an 
alteration in the Sequence of a nucleotide at a single base 
position. A "lesion', as used herein, refers to Site within a 
nucleic acid where one or more bases are mutated by 
deletion or insertion, So that the nucleic acid Sequence differs 
from the wild-type Sequence. 
0164. A “single nucleotide polymorphism” or SNP, as 
used herein, is a variation from the most ifrequently occur 
ring base at a particular nucleic viacid position. 
0.165 Homologous genes or alleles from different species 
are also known to vary in Sequence. Regions of homologous 
genes or alleles from different Species can be essentially 
identical in Sequence. Such regions are referred to herein as 
“regions of identity.” It is contemplated herein that a “region 
of Substantial identity can contain Some "mismatches,” 
where bases at the same position in the region of identity are 
different. This base position is referred to herein as “mis 
match position.” 
0166 DNA molecules are said to have a “5'-terminus” (5' 
end) and a “3'-terminus” (3' end) because nucleic acid 
phosphodiester linkages occur to the 5' carbon and 3' carbon 
of the pentose ring of the Substituent mononucleotides. The 
end of a polynucleotide at which a new linkage would be to 
a 5' carbon is its 5' terminal nucleotide. The end of a 
polynucleotide at which a new linkage would be to a 3' 
carbon is its 3' terminal nucleotide. A terminal nucleotide, as 
used herein, is the nucleotide at the end position of the 3'- or 
5'-terminus. AS used herein, a nucleic acid Sequence, even if 
internal to a larger oligonucleotide or polynucleotide, also 
can be Said to have 5’- and 3'-ends. For example, a gene 
Sequence located within a larger chromosome Sequence can 
still be said to have a 5'- and 3'-end. 

0167 As used herein, the 3'-terminal region of the 
nucleic acid probe refers to the region of the probe including 
nucleotides within about 10 residues from the 3'-terminal 
position. 
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0.168. In either a linear or circular DNA molecule, dis 
crete elements are referred to as being “upstream” or “5” 
relative to an element if they are bonded or would be bonded 
to the 5'-end of that element. Similarly, discrete elements are 
“downstream” or “3' relative to an element if they are or 
would be bonded to the 3'-end of that element. Transcription 
proceeds in a 5' to 3' manner along the DNA strand. This 
means that RNA is made by the sequential addition of 
ribonucleotide-5'-triphosphates to the 3'-terminus of the 
growing chain (with the elimination of pyrophosphate). 
0169. As used herein, the term “target nucleic acid” or 
"nucleic acid target' refers to a particular nucleic acid 
Sequence of interest. Thus, the “target can exist in the 
presence of other nucleic acid molecules or within a larger 
nucleic acid molecule. 

0170 AS used herein, the term “nucleic acid probe' refers 
to an oligonucleotide or polynucleotide that is capable of 
hybridizing to another nucleic acid of interest. A nucleic acid 
probe may occur naturally as in a purified restriction digest 
or be produced synthetically, recombinantly or by PCR 
amplification. AS used herein, the term “nucleic acid probe' 
refers to the oligonucleotide or polynucleotide used in a 
method of the present invention. That same oligonucleotide 
could also be used, for example, in a PCR method as a 
primer for polymerization, but as used herein, that oligo 
nucleotide would then be referred to as a “primer'. Herein, 
oligonucleotides or polynucleotides may contain a phospho 
rothioate bond. 

0171 AS used herein, the terms “complementary” or 
“complementarity are used in reference to nucleic acids 
(i.e., a sequence of nucleotides) related by the well-known 
base-pairing rules that A pairs with Tand C pairs with G. For 
example, the Sequence 5'-A-G-T-3', is complementary to the 
sequence 3'-T-C-A-5". Complementarity can be “partial,” in 
which only Some of the nucleic acid bases are matched 
according to the base pairing rules. On the other hand, there 
may be “complete' or “total” complementarity between the 
nucleic acid Strands when all of the bases are matched 
according to base pairing rules. The degree of complemen 
tarity between nucleic acid Strands has significant effects on 
the efficiency and Strength of hybridization between nucleic 
acid Strands as known well in the art. This is of particular 
importance in detection methods that depend upon binding 
between nucleic acids, Such as those of the invention. The 
term “substantially complementary” refers to any probe that 
can hybridize to either or both Strands of the target nucleic 
acid Sequence under conditions of low Stringency as 
described below or, preferably, in polymerase reaction buffer 
(Promega, M195A) heated to 95 C. and then cooled to room 
temperature. AS used herein, when the nucleic acid probe is 
referred to as partially or totally complementary to the target 
nucleic acid, that refers to the 3'-terminal region of the probe 
(i.e. within about 10 nucleotides of the 3'-terminal nucle 
otide position). 
0172. As used herein, the term “hybridization” is used in 
reference to the pairing of complementary nucleic acid 
Strands. Hybridization and the Strength of hybridization (i.e., 
the Strength of the association between nucleic acid Strands) 
is impacted by many factors well known in the art including 
the degree of complementarity between the nucleic acids, 
Stringency of the conditions involved affected by Such 
conditions as the concentration of Salts, the T (melting 
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temperature) of the formed hybrid, the presence of other 
components (e.g., the presence or absence of polyethylene 
glycol), the molarity of the hybridizing strands and the G:C 
content of the nucleic acid Strands. 

0173 AS used herein, the term “stringency” is used in 
reference to the conditions of temperature, ionic Strength, 
and the presence of other compounds, under which nucleic 
acid hybridizations are conducted. With “high stringency” 
conditions, nucleic acid base pairing will occur only 
between nucleic acid fragments that have a high frequency 
of complementary base Sequences. Thus, conditions of 
“weak” or “low” stringency are often required when it is 
desired that nucleic acids which are not completely comple 
mentary to one another be hybridized or annealed together. 
The art knows well that numerous equivalent conditions can 
be employed to comprise low Stringency conditions. 

0.174 As used herein, the term “T” is used in reference 
to the "melting temperature'. The melting temperature is the 
temperature at which 50% of a population of double 
Stranded nucleic acid molecules becomes dissociated into 
Single Strands. The equation for calculating the T of nucleic 
acids is well-known in the art. The T of a hybrid nucleic 
acid is often estimated using a formula adopted from hybrid 
ization assays in 1 M Salt, and commonly used for calcu 
lating T for PCR primers: (number of A+T)x2 C.+(num 
ber of G+C)x4° C.J. C. R. Newton et al. PCR, 2" Ed., 
Springer-Verlag (New York: 1997), p. 24. This formula was 
found to be inaccurate for primers longer that 20 nucle 
otides. Id. Other more Sophisticated computations exist in 
the art which take Structural as well as Sequence character 
istics into account for the calculation of T. A calculated T. 
is merely an estimate; the optimum temperature is com 
monly determined empirically. 

0.175. The term “homology,” as used herein, refers to a 
degree of complementarity. There can be partial homology 
or complete homology (i.e., identity). A partially comple 
mentary Sequence that at least partially inhibits a completely 
complementary Sequence from hybridizing to a target 
nucleic acid is referred to using the functional term "Sub 
Stantially homologous.” 

0176 When used in reference to a double-stranded 
nucleic acid Sequence Such as a cDNA or genomic clone, the 
term "Substantially homologous,” as used herein, refers to a 
probe that can hybridize to a strand of the double-stranded 
nucleic acid Sequence under conditions of low Stringency. 
0177. When used in reference to a single-stranded nucleic 
acid Sequence, the term “Substantially homologous,” as used 
herein, refers to a probe that can hybridize to (i.e., is the 
complement of) the Single-stranded nucleic acid template 
Sequence under conditions of low Stringency. 
0.178 The term “interrogation position,” as used herein, 
refers to the location of a given base of interest within a 
nucleic acid probe. For example, in the analysis of SNPs, the 
“interrogation position' in the probe is in the position that 
would be complementary to the Single nucleotide of the 
target that may be altered from Wild type. The analytical 
output from a method of the invention provides information 
about a nucleic acid residue of the target nucleic acid that is 
complementary to an interrogation position of the probe. An 
interrogation position is within about ten bases of the actual 
3'-terminal nucleotide of the nucleic acid probe, although 
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not necessarily at the 3'-terminal nucleotide position. The 
interrogation position of the target nucleic acid Sequence is 
opposite the interrogation position of the probe, when the 
target and probe nucleic acids are hybridized. 
0179 The term “identifier nucleotide,” as used herein, 
refers to a nucleotide whose presence is to be detected in a 
process of the invention to identify that a depolymerization 
reaction has occurred. The particular application of a method 
of the invention affects which residues are considered an 
identifier nucleotide. For a method using ATP detection (e.g. 
luciferase/luciferin or NADH) wherein, during analysis, all 
nucleotides released in the depolymerization are “con 
verted” to ATP with an enzyme such as NDPK, all nucle 
otides released are identifier nucleotides. Similarly, for a 
method using absorbance detection that does not distinguish 
between nucleotides, all released nucleotides are identifier 
nucleotides. For a mass spectrometric detection wherein all 
the released nucleotides are analyzed, all released nucle 
otides can be identifier nucleotides, alternatively a particular 
nucleotide (e.g. a nucleotide analog having a distinctive 
mass) can be detected. For fluorescence detection, a fluo 
rescently-labeled nucleotide is an identifier nucleotide. The 
nucleotide may be labeled prior to or after release from the 
nucleic acid. For radiographic detection, a radioactively 
labeled nucleotide is an identifier nucleotide. In Some cases, 
the release of identifier nucleotide is deduced by analyzing 
the remainder of the probe after a depolymerization Step of 
the invention. Such analysis is generally by a determination 
of the size or mass of the remaining probe and can be by any 
of the described analytical methods (e.g. a fluorescent tag on 
the 5'-terminus of the probe to monitor its molecular weight 
following capillary electrophoresis). 
0180. As used herein, the terms “restriction endonu 
cleases” and “restriction enzymes' refer to a class of 
enzymes, each of which cut double-stranded DNA. Some 
restriction endonucleases cut double Strand DNA at or near 
a specific nucleotide Sequence, Such as the enzyme com 
monly referred to as BamH I that recognizes the double 
strand sequence 5'GGATCC 3'. However, other representa 
tives of Such enzymes cut DNA in a non-Specific manner 
Such as the DNA endonuclease DNase I. 

0181. The term “sample,” as used herein, is used in its 
broadest Sense. A Sample Suspected of containing a nucleic 
acid can comprise a cell, chromosomes isolated from a cell 
(e.g., a spread of metaphase chromosomes), genomic DNA, 
RNA, cDNA and the like. 
0182. The term “detection,” as used herein, refers to 
quantitatively or qualitatively identifying a nucleotide or 
nucleic acid within a Sample. 
0183 The term “depolymerization,” as used herein, 
refers to the removal of a nucleotide from the 3' end of a 
nucleic acid. 

0.184 The term “allele,” as used herein, refers to an 
alternative form of a gene and the term "locus,” as used 
herein, refers to a particular place on a nucleic acid mol 
ecule. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0185. A method of this invention is used to determine the 
presence or absence of at least one predetermined (known) 
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nucleic acid target Sequence in a nucleic acid Sample. A 
nucleic acid target is "predetermined” in that its Sequence 
must be known to design a probe that hybridizes with that 
target. However, it should be noted that a nucleic acid target 
Sequence, as used with respect to a process of this invention, 
may merely act as a reporter to Signal the presence of a 
different nucleic acid whose presence is desired to be 
determined. That other nucleic acid of interest does not have 
to have a predetermined Sequence. Furthermore, a process of 
the invention is useful in determining the identity of base 
within a target where only enough of the Sequence is known 
to design a probe that hybridizes to that target with partial 
complementarity at the 3'-terminal region of the probe. 

0186 Such a method utilizes an enzyme that can depo 
lymerize the 3'-terminus of an oligonucleotide probe hybrid 
ized to the nucleic acid target Sequence to release one or 
more identifier nucleotides whose presence or absence can 
then be determined as an analytical output that indicates the 
presence or absence of the target Sequence. 

0187. A nucleic acid target sequence is predetermined (or 
known) in that a nucleic acid probe is provided to be 
partially or totally complementary to that nucleic acid target 
Sequence. A nucleic acid target Sequence is a portion of 
nucleic acid sample with which the probe hybridizes if that 
target Sequence is present in the Sample. 

0188 A first step of the method is admixing a sample to 
be assayed with one or more nucleic acid probes. The 
admixing of the first Step is typically carried out under low 
Stringency hybridizing conditions to form a hybridization 
composition. In Such a hybridization composition, the 3'-ter 
minal region of the nucleic acid probe(s) (i) hybridizes with 
partial or total complementarity to a nucleic acid target 
Sequence that may be present in the sample; and (ii) includes 
an identifier nucleotide in the 3'-terminal region. 
0189 Preferably, the nucleic acid probe is designed to not 
hybridize with itself to form a hairpinstructure in such a way 
as to interfere with hybridization of the 3'-terminal region of 
the probe to the target nucleic acid. Parameters guiding 
probe design are well known in the art. 
0190. The hybridization composition is maintained under 
hybridizing conditions for a time period Sufficient to form a 
treated Sample that may contain at least one predetermined 
nucleic acid target Sequence hybridized with a nucleic acid 
probe. 

0191 In the event that the sample to be assayed does not 
contain a target Sequence to which the probe hybridizes, no 
hybridization takes place. When a method of the present 
invention is used to determine whether a particular target 
Sequence is present or absent in a Sample to be assayed, the 
resulting treated Sample may not contain a Substrate for the 
enzymes of the present invention. As a result, a 3' terminal 
region identifier nucleotide is not released and the analytical 
output is at or near background levels. 

0.192 The treated sample is admixed with a depolymer 
izing amount of an enzyme whose activity is to release one 
or more identifier nucleotides from the 3'-terminal region of 
the probe that is hybridized to the nucleic acid target to form 
a depolymerization reaction mixture. The choice of enzyme 
used in the proceSS determines if a match or mismatch at the 
3'-terminal nucleotide results in release of that 3'-terminal 
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nucleotide. Further information regarding Specific enzyme 
reaction conditions is discussed in detail hereinafter. 

0193 The depolymerization reaction mixture is main 
tained under depolymerizing conditions for a time period 
Sufficient to permit the enzyme to depolymerize hybridized 
nucleic acid and release identifier nucleotides therefrom to 
form a treated reaction mixture. 

0194 The presence or absence of released identifier 
nucleotides is then determined to obtain an analytical output. 
The analytical output indicates the presence or absence of at 
least the one nucleic acid target Sequence. 
0.195 Processes of the invention can also be concerned 
with the degree of hybridization of the target to the 3'-ter 
minal region of the probe. Examples hereinafter Show that 
the distinction between a matched and mismatched base 
becomes less notable as a Single mismatch is at a position 
further upstream from the 3'-terminal region position. There 
is very little discrimination between a match and mismatch 
when a single mismatch is ten to twelve residues from the 
3'-terminal nucleotide position, whereas great discrimina 
tion is observed when a single mismatch is at the 3'-termi 
nus. Therefore, when the degree of complementarity (partial 
or total complementarity) of a nucleic acid probe hybridized 
to a target nucleic acid Sequence is referred to herein in 
regard to an identifier nucleotide, this is to be understood to 
be referring to within the 3'-terminal region, up to about ten 
residues of the 3'-terminal position. 
0196. In particular embodiments of the invention, it is 
desirable to include a destabilizing mismatch in or near the 
3'-terminal region of the probe. In an example of Such an 
embodiment, the goal is to determine whether a nucleotide 
at an interrogation position is a match or a mismatch with the 
target. Better discrimination between match and mismatch at 
the interrogation position is observed when an intentional 
mismatch is introduced about 2 to about 10 nucleotides from 
the interrogation position or preferably about 2 to about 6 
nucleotides from the interrogation position. 
0197) The distinction of the analytical output between 
matched and mismatched nucleotides when there is more 
than a Single base that is mismatched within the 3'-terminal 
region can be evident even if mismatches are beyond 
position 10 from the terminus, for example at position 11 
and 12 upstream of the 3'-terminal nucleotide. Thus, the 
phrases “about 10' and “3'-terminal region” are used above. 
The 3'-terminal region therefore comprises the approxi 
mately 10 residues from the 3'-terminal nucleotide (or 3' 
terminus) position of a nucleic acid. 
0198 The sufficiency of the time period for hybridization 
can be empirically ascertained for a control Sample for 
various hybridizing conditions and nucleic acid probe/target 
combinations. Exemplary maintenance times and conditions 
are provided in the Specific examples hereinafter and typi 
cally reflect low Stringency hybridization conditions. In 
practice, once a Suitable Set of hybridization conditions and 
maintenance time periods are known for a given set of 
probes, an assay using those conditions provides the correct 
result if the nucleic acid target Sequence is present. Typical 
maintenance times are about 5 to about 60 minutes. 

0199 The conditions and considerations with respect to 
hybridization of PCR primers to template nucleic acid in 
PCR are applicable to the hybridization of nucleic acid 
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probes to target Sequences in a process of the invention. 
Such hybridization conditions are well known in the art, and 
are a matter of routine experimentation depending on factors 
including the Sequence of the nucleic acid probe and the 
target nucleic acid sequence identity (homology), length 
and G+C content molar amounts of nucleic acid present, 
buffer, Salt content and dupleXT, among other variables. 

0200 Processes of the invention are sensitive and hybrid 
ization conditions of low Stringency (e.g. temperature of 
0-4 C.) are Sufficient, but moderate Stringency conditions 
(i.e. temperatures of 40-60° C.) also permit hybridization 
and provide acceptable results. This is true for all processes 
of the invention. 

0201 In one contemplated embodiment of the invention, 
the enzyme whose activity is to depolymerize hybridized 
nucleic acid to release nucleotides from the probe 3'-termi 
nal end is a template-dependent polymerase. In Such an 
embodiment, the reverse of a polymerase reaction is used to 
depolymerize a nucleic acid probe, and the identifier nucle 
otide is released when the 3'-terminal nucleotide of the 
nucleic acid probe hybridizes with total complementarity to 
its nucleic acid target Sequence. A signal confirms the 
presence of a nucleic acid target Sequence that has the 
Sequence Sufficiently complementary to the nucleic acid 
probe to be detected by the process of the invention. 

0202) In an embodiment that uses a 3'->5' exonuclease 
activity of a polymerase, such as Klenow or T4 DNA 
polymerase (but not limited to those two enzymes), to 
depolymerize a nucleic acid probe, an identifier nucleotide 
is released when the 3'-terminal residue of the nucleic acid 
probe is mismatched and therefore there is only partial 
complementarity of the 3'-terminus of the nucleic acid probe 
to its nucleic acid target Sequence. In this embodiment, to 
minimize background, the hybrid is typically purified from 
the un-annealed nucleic acid prior to the enzyme reaction, 
which releases identifier nucleotides. A signal confirms the 
presence of a nucleic acid target Sequence that is not totally 
complementary to the nucleic acid probe. 

0203. In an embodiment that uses a 3'->5' exonuclease 
activity of Exonuclease III to depolymerize a nucleic acid 
probe, an identifier nucleotide is released when the 3'-ter 
minal residue of the nucleic acid probe is matched to the 
target nucleic acid. A signal confirms the presence of a 
nucleic acid target that is complementary at the released 
identifier nucleotide. 

0204. It is thus seen that hybridization and depolymer 
ization can lead to the release of an indicator nucleotide or 
to little or no release of Such a nucleotide, depending upon 
whether the probe: target hybrid is matched or mismatched at 
the 3'-terminal region. This is also dependent on the type of 
enzyme used and the type of end, matched or mismatched, 
that the enzyme requires for depolymerization activity. 
0205 The magnitude of a contemplated analytical output 
under defined conditions is dependent upon the amount of 
released nucleotides. Where an identifier nucleotide is 
released, an analytical output can be provided that has a 
value greater than background. Where an identifier nucle 
otide is not released either because the target Sequence was 
not present in the original Sample or because the probe and 
depolymerizing enzyme chosen do not provide release of a 
3'-terminal nucleotide when the target is present, or if the 
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match/mismatch state of the 3'-terminal nucleotide did not 
match that required for the enzyme used to release a 3'-ter 
minal nucleotide, the analytical output is Substantially at a 
background level. Further discussion of computation of 
background levels can be found in the Examples, e.g. 
Example 1. 
0206. Depolymerization reactions and enzymes useful in 
Such reactions are discussed below. 

0207 Depolymerization 
0208 Nucleic acid polymerases generally catalyze the 
elongation of nucleic acid chains. The reaction is driven by 
the cleavage of a pyrophosphate released as each nucleotide 
is added. Each nucleoside-5'-triphosphate has three phos 
phate groups linked to carbon five of the ribose or deoxyri 
bose Sugar. The addition of a nucleotide to a growing nucleic 
acid results in formation of an internucleoside phosphodi 
ester bond. This bond is characterized in having a 3" linkage 
to carbon 3 of ribose or deoxyribose and a 5" linkage to 
carbon 5 of ribose or deoxyribose. Each nucleotide is added 
through formation of a new 3'->5" linkage, so the nucleic 
acid Strand grows in a 5' to 3’ direction. 
0209. Depolymerization in its strictest sense means the 
reverse of polymerization So that in the present context, an 
internucleotide phosphodiester bond is broken between the 
two 3'-terminal bases in the presence of pyrophosphate and 
a polymerase enzyme to form a nucleic acid that is one 
nucleotide shorter and a nucleoside triphosphate. A Some 
what more encompassing definition is contemplated here. In 
accordance with that definition, the 3'-terminal nucleotide is 
removed from a nucleic acid in a reaction catalyzed by an 
enzyme, but the nucleotide formed can be a monophosphate 
and pyrophosphate is not always required. 

0210. The former reactions are referred to herein as 
pyrophosphorolysis reactions whereas the latter reactions 
are referred to as exonuclease reactions. These two types of 
depolymerization are discussed below. 

0211. It is to be understood that the depolymerization 
reaction of interest in the invention is that depolymerization 
occurring in the 3'-terminal region of the nucleic acid probe. 
This depolymerization reaction releases identifier nucle 
otide, as discussed herein. 
0212 A. Pyrophosphorolysis 

0213. In some embodiments of the present invention, a 
method comprises depolymerizing the nucleic acid (NA) at 
a 3'-terminal nucleotide by enzymatically cleaving the ter 
minal internucleoside phosphodiester bond in the presence 
of pyrophosphate, or an analogue thereof, to form an XTP as 
illustrated by the following reaction on double-stranded 
DNA having a 5' overhang: 

5' . . . TpapCpGpGpCpT-3'OH 

3' . . . ApTpGpCpCpGpApCpTp-5' 

enzyme + PPi 

5' . . . TpapCpGp-3'OH 

3' . . . ApTpGpCpCpGpApCpTp-5 " + 

GTP - CTP - TTP 
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0214 Several polymerases are known to catalyze the 
reverse of the polymerization process. This reverse reaction 
is called "pyrophosphorolysis.” The pyrophosphorolysis 
activity of DNA polymerase was demonstrated by Deutscher 
and Kornberg, J. Biol. Chem., 244:3019-28 (1969). Other 
template-dependent nucleic acid polymerases capable of 
pyrophosphorolysis include, but are not limited to, DNA 
polymerase C, DNA polymerase B, T4 DNA polymerase, 
Taq polymerase, Tne polymerase, Tne triple mutant poly 
merase, Tth polymerase, TVu polymerase, Ath polymerase, 
Bst polymerase, E. coli DNA polymerase I, Klenow frag 
ment, Klenow exo minus (exo-), AMV reverse tran 
scriptase, RNA polymerase and MMLV reverse tran 
Scriptase. However, not all polymerases are known to 
possess pyrophosphorolysis activity. For example, poly(A) 
polymerase has been reported to not catalyze pyrophospho 
rylation. (See Sippel, Eur: J. Biochem. 37:31-40 (1973)). 
0215. A mechanism of pyrophosphorolysis has been Sug 
gested for RNA polymerase. Although understanding of the 
mechanism is not necessary to use the present invention, it 
is believed that the partial transfer of a Mg" ion from the 
attacking pyrophosphate to the phosphate of the internucleo 
side phosphodiester bond of the RNA can increase the 
nucleophilic reactivity of the pyrophosphate and the elec 
trophilicity of the diester as described in Rozovskaya et al., 
Biochem. J., 224:645-50 (1984). The internucleoside phos 
phodiester bond is enzymatically cleaved by the addition of 
pyrophosphate to the nucleoside 5' phosphate and a new 
phosphodiester bond is formed between the pyrophosphate 
and the nucleoside monophosphate. 
0216) The pyrophosphorolysis reaction can be summa 
rized as follows: 

0217 wherein NA is a nucleic acid, n is the number of 
nucleotide bases, PP, is pyrophosphate and XTP is either a 
DNTP molecule or NTP molecule. The reaction can then be 
repeated so as to produce at least two XTP molecules. It 
should be noted that the reaction can be repeated on the same 
nucleic acid molecule or on a plurality of different nucleic 
acid molecules. 

0218. In a preferred embodiment in the case of the 
reverse of polymerase activity (pyrophosphorolysis), a pre 

Reaction 1 

PPi Analog 

OH H OH 

HO-P-O-P-OH 

O H. O 

OH H OH 

HO-P-N-P-OH 

O O 

OH H 

/ 
HO-P-N-C 

| | \ 
O H 
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ferred substrate is a DNA probe hybridized to a nucleic acid 
target Sequence with total complementarity at its 3'-termi 
nus, including an identifier residue at the 3'-terminal region. 
In an example of this preferred embodiment, when the 
nucleic acid probe is hybridized to a nucleic acid target 
Sequence Such that there is one base mismatch at the 
3'-terminal nucleotide of the nucleic acid probe, the nucleic 
acid probe is inefficiently depolymerized through the reverse 
polymerization reaction. Thus, Such a Substrate is not an 
ideal Substrate for depolymerization. 

0219. The non-ideality of the Substrate for depolymer 
ization via a reverse of the polymerization reaction is 
recognized with a single base mismatch as far in as about 10 
residues from the 3'-terminus of the nucleic acid probe. With 
a single base mismatch 12 residues from the 3'-terminus of 
the probe, the depolymerization reaction can occur to 
approximately the same extent as when there is no mismatch 
and the nucleic acid probe is totally complementary to the 
nucleic acid target Sequence. 

0220. It is thus contemplated that the reactivity of the 
depolymerization reaction is a continuum that is related to 
the efficiency of the Substrate. A partially complementary 
hybrid is a less efficient depolymerization Substrate than a 
totally complementary hybrid for the reverse of a polymer 
ization reaction. It is contemplated that this differential 
reactivity be used to enhance the discrimination between 
matches and mismatches at certain positions (e.g. an inter 
rogation position). When a substrate hybrid is totally 
complementary, it will give a fairly high analytical output. A 
mismatch can be intentionally introduced to destabilize the 
Substrate hybrid. Such a destabilization can increase the 
difference in analytical output between bases Substituted at 
an interrogation position that is different from the destabi 
lizing base position. 

0221) Several chemical compounds are known in the art 
to be Substitutable for pyrophosphate in pyrophosphorolysis 
reactions. Rozovskaya, et al., Biochem. J., 224:645-650 
(1984). Exemplary compounds and their released nucleotide 
product are shown in the table below, along with the 
nucleotide product (where the ribonucleoside or deoxyribo 
nucleoside is denoted “Nuc”) of pyrophosphorolysis. 

Pyrophosphorylation Product 

it it pi 
Nuc-O-P-O-P-O-P-OH 

| | | || 
O O H. O 

it it pi 
Nuc-O-P-O-P-N-P-OH 

|| || || 
O O O 

OH 

Nuc-O-P-OH 

O 
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-continued 

PPi Analog 

it pi pi st 
HO-P-O-P-O-P-OH C) Nuc-O-P-O- 

| | | || 
O O H. O O 

OH H OH OH 

O H. O O 

OH H OH OH 

HO-As-C-As-OH > 

O H. O O 

f" ph st 
HO-As-N-C > Nuc-O-P-OH 

O H O 

0222 Preferred reaction mixtures for depolymerization 
by pyrophosphorolysis, including Suitable buffers for each 
nucleic acid polymerase analyzed, are described in greater 
detail in the Examples. Typically, under these conditions, 
sufficient NTP or dNTP is released to accurately detect or 
assay extremely low amounts of nucleic acids (e.g., about 
5-1000 picograms). ATP can be produced by conversion 
from XTP by an enzyme such as NDPK (in the presence of 
ADP) prior to analysis or the ATP can be further amplified 
prior to analysis. 
0223) Even though the preferred reaction conditions for 
polymerization and depolymerization by pyrophosphoroly 
sis are similar, the rates of these reactions can vary greatly. 
For example, AMV and RLV reverse transcriptases catalyze 
pyrophosphorolysis under optimal conditions at a rate of 
about fifty- to one hundred-fold less than polymerization as 
demonstrated in Srivastavan and Modak, J. Biol. Chem., 
255(5) :2000-04 (1980). Thus, the high efficiency of the 
pyrophosphorolysis reaction was unexpected, and appears to 
be associated with extremely low levels of DNA substrate, 
in contrast to previous DNA pyrophosphorolysis Studies 
conducted using much greater amounts of DNA. 
0224. Although not wishing to be bound by theory, a 
possible explanation for this effect might also be that the 
molar concentrations of free deoxyribonucleoside triphos 
phates produced at very low DNA levels would be predicted 
to be very low. Indeed, these levels are expected to be far 
below the Michaelis constant (K) of the enzyme. Thus, 
reincorporation of released dNTPs would be expected to be 
Vanishingly Small. 
0225. The pyrophosphorolysis activity of different 
nucleic acid polymerases also varies. For example, T4 

Nuc-O-P-OH 

Nuc-O-P-OH 
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Pyrophosphorylation Product 

st st 
P-O-P-OH 

|| || 
O O 

it pi 
P-C-P-OH 

| | || 
O H. O 

polymerase and Tne DNA polymeraZe possess very high 
pyrophosphorolysis activity as measured by a luciferase 
assay for ATP produced by pyrophosphorolysis. Pyrophos 
phorolysis using T4 polymerase resulted in about a 10 fold 
increase in light production as compared to MMLV-RT and 
a 4 fold increase in light production as compared to Taq 
polymerase. 
0226. During the development of the invention disclosed 
in the parent application, it was discovered that the detection 
of Some types of nucleic acids at low picogram levels is 
generally enhanced by fragmenting or partially digesting the 
nucleic acid. Preferably, fragmentation is accomplished by 
Sonication or restriction enzyme digestion of the nucleic acid 
in order to provide a plurality of Smaller nucleic acid 
fragments. Although an understanding of the mechanism is 
not necessary in order to practice the present invention, this 
Step probably enhances detection because the pyrophospho 
rolysis reaction only proceeds from the nucleic acid ends. By 
providing a greater number of nucleic acid ends, more 
reactions are allowed to occur at any one time. 
0227. It should be noted that DNA ends can be present 
within a molecule as well as at the end of a linear DNA 
fragment. For example, polymerases can catalyze pyrophos 
phorolysis from a gap or a nick in a DNA segment. The type 
of enzyme and Substrate used for pyrophosphorolysis reac 
tions determine whether fragmentation is necessary. 
0228. The type of DNA end resulting from restriction 
enzyme digestion also affects the pyrophosphorolysis activ 
ity of different nucleic acid polymerases. For example, 
Klenow exo-, MMLV-RT and Taq polymerase catalyze 
pyrophosphorolysis of DNA fragments with 5'-overhangs 
and with blunt-ends, but have little or no pyrophosphoroly 
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sis activity with 3'-overhangs. In contrast, T4 DNA poly 
merase catalyzes both 3'- and 5'-end overhang and blunt-end 
mediated pyrophosphorolysis. Thus, T4DNA polymerase is 
a preferred enzyme for pyrophosphorolysis of a hybrid with 
a 3'-Overhang. When other nucleic acid polymerases are 
utilized for pyrophosphorolysis of restriction enzyme treated 
DNA, it is contemplated that care is taken to match the end 
Specificity of the polymerase with the type of end created by 
the restriction endonuclease. Such care is well within the 
skill of those in the art. 

0229) Tabor and Richardson, J. Biol. Chem. 265 
(14):8322-28 (1990) reported unwanted pyrophosphorolysis 
mediated by T7 DNA polymerase-catalyzed DNA sequenc 
ing by the chain termination method. Those authors note 
that, even at the most Sensitive Sites, the rate of unwanted 
pyrophosphorolysis is at least 100,000 times slower than the 
rate of polymerization. 
0230 By definition, DNA sequencing is directed to ascer 
taining an unknown DNA sequence, rather than the detec 
tion of a known DNA sequence. In DNA sequencing by the 
chain termination method, oligonucleotide primers are 
extended by T7 DNA polymerase supplied with exogenous 
dNTPs and dideoxy NTPs. When a dideoxy NTP is incor 
porated into an elongating primer, no further polymerization 
can take place. These dideoxy-terminated fragments are then 
resolved on a DNA sequencing gel. However, in certain 
instances unwanted pyrophosphorolysis removes a 3'-termi 
nal dideoxynucleotide from the elongated primer, which 
allows T7 DNA polymerase to catalyze additional polymer 
ization. This additional polymerization leads to the degra 
dation (loss) of specific dideoxynucleotide-terminated frag 
ments on DNA sequencing gels. In other words, the resulting 
DNA sequencing gel will exhibit “holes” or gaps where the 
DNA sequence cannot be determined. 
0231 Tabor and Richardson, above, noted that when 
dNTPs are present in high concentrations, these pyrophoS 
phorolysis Sites occur once in Several thousand nucleotides. 
Those authors have identified a canonical Sequence, 5' 
dIdAdNddN, 3', which is especially sensitive to pyrophos 
phorolysis when dITP is substituted for dGTP. This 
unwanted T7 DNA polymerase-mediated pyrophosphoroly 
sis reaction can be avoided by the addition of pyrophoS 
phatase, which eliminates PP from the DNA sequencing 
reaction mixture. Pyrophosphatase, it is reported, eliminates 
the gaps in a DNA sequencing gel, permitting the accurate 
determination of a DNA sequence using T7 DNA poly 
merase-mediated dideoxy Sequencing. 
0232 The present invention, in contrast, seeks to exploit 
DNA polymerase-mediated pyrophosphorolysis, by opti 
mizing conditions for this reverse reaction to take place. The 
present invention is directed to the detection of a known 
Sequence in a target nucleic acid, rather than ascertaining an 
unknown nucleic acid Sequence using the polymerization 
activity of T7 DNA polymerase. 
0233. The pyrophosphorolysis reported by Tabor and 
Richardson cannot detect the presence of a specific nucleic 
acid Sequence. In fact, DNA sequencing by the dideoxy 
method relies upon the incorporation of dideoxynucleotides 
into an elongating primer. The T7 DNA polymerase-medi 
ated pyrophosphorolysis reported by those authors is equally 
random, although there is reported a preference for the 
above-mentioned canonical Sequence. According to Tabor 
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and Richardson, in the absence of pyrophosphatase, one 
would only note gaps in a DNA sequencing gel, and those 
gaps would not provide any information as to the DNA 
Sequence at those gaps. There is accordingly no method 
disclosed for identifying the release of 3'dideoxynucleotides 
by the reported T7 DNA polymerase-mediated pyrophos 
phorolysis. 

0234) Further, it is contemplated that the type of poly 
merase used in the pyrophosphorolysis reaction is matched 
to the correct nucleic acid Substrate in order to produce the 
best results. In general, DNA polymerases and reverse 
transcriptases are preferred for depolymerizing DNA, 
whereas RNA polymerases are preferred for depolymerizing 
RNA. Reverse transcriptases or DNA polymerases with 
reverse transcriptase activity are preferred for depolymeriZ 
ing RNA-DNA hybrids. 
0235. In the parent application, it was Surprisingly deter 
mined that poly(A) polymerase can catalyze pyrophospho 
rolysis, even though no Such reaction had been previously 
reported. Indeed, poly(A) polymerase has been widely 
reported to not catalyze pyrophosphorolysis. (See e.g., Sip 
pel, Eur: J. Biochem., 37:31-40 (1973) and Sano and Feix, 
Eur: J. Biochem., 71:577-83 (1976)). In these preferred 
embodiments of the invention disclosed in the parent appli 
cation, the manganese chloride present in the previously 
reported bufferS is omitted, the concentration of Sodium 
chloride is decreased, and the pH value is lowered from 
about 8.0 to about 7.5. Furthermore, the poly(A) polymerase 
pyrophosphorolysis reaction buffer contains about 50 mM 
Tris-Cl pH 7.5, 10 mM MgCl, 50 mM NaCl, and 2 mM 
NaPP, (sodium pyrophosphate). 
0236. It is important to note that the depolymerization 
reaction is the reverse of the polymerization reaction. There 
fore, as increasing amounts of free nucleoside triphosphates 
are produced by depolymerization, a State of equilibrium can 
theoretically be attained in which polymerization and depo 
lymerization reactions are balanced. Alternatively, where 
Small amounts of nucleic acid are detected, the reaction can 
go essentially to completion without reaching equilibrium, 
(i.e., the nucleic acid target is depolymerized into its con 
stituent subunit nucleotides by greater than 50%). This 
factor is important in quantitative assays because the total 
amount of nucleotides released is proportional to the amount 
of Signal generated in the detection assay. 

0237 When used for qualitative detection of nucleic acid, 
as long as a threshold level of nucleotides is produced, it is 
not necessary that the reaction reach equilibrium or go 
essentially to completion. In preferred embodiments, the 
mixture of nucleoside triphosphate molecules produced by 
depolymerization is preferably converted to ATP as 
described below. For either quantitative or qualitative detec 
tion, a detectable threshold ATP concentration of approxi 
mately 1x10' molar in 100 ul of sample is preferably 
provided for detection of light in a typical luciferase assay. 
0238. In some preferred embodiments, oligonucleotide 
probes are typically utilized at about 100ng to about 1 lug per 
20 ul depolymerization reaction. That amount provides a 
probe to target weight ratio of about 200:1 to about 1,000:1. 
0239). In a preferred embodiment of the present invention, 
nucleic acid polymerase and pyrophosphate (PP) or an 
analogue thereof, are added to a hybridized Sample contain 
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ing from less than about 100 lug of target nucleic acid, to leSS 
than about 10pg of nucleic acid. Typical target nucleic acids 
are present at about 1 to about 5 ng in the Sample to be 
assayed, with a target nucleic acid length of about 30 to 
about 1000 bp being preferred. 
0240 Next, the hybridized nucleic acid is degraded 
(depolymerized) by pyrophosphorolysis, releasing free 
NTPs or dNTPs. Enzymes useful in the pyrophosphorolysis 
reaction include, but are not limited to, those noted previ 
ously such as the following polymerases: AMV reverse 
transcriptase, MMLV reverse transcriptase, DNA poly 
merase alpha and beta, Taq polymerase, Tne polymerase, 
Ath polymerase, Tvu polymerase, Tne triple mutant poly 
merase, T4 DNA polymerase, E. coli DNA polymerase I, 
Klenow fragment, Klenow eXo minus, Tth polymerase, and 
poly(A) polymerase. 
0241 Most preferably, Klenow exo minus (Klenow 
exo-) or Tne triple mutant polymerase is utilized for DNA 
pyrophosphorolysis reactions because of their efficient uti 
lization of 5" overhanging DNA ends. 
0242. When using enzymes that utilize 5" overhang Sub 
Strates, it is preferred that the 3' end of the target nucleic acid 
extends beyond the 5' end of the nucleic acid probe. In this 
way, the only 5' overhang substrate is that where the 5' end 
of the target nucleic acid overhangs the 3' terminal region of 
the nucleic acid probe. An alternative method of limiting 
depolymerization to the nucleic acid probe is chemical 
modification of the ends of other nucleic acids in the Sample, 
Such as, for example, making a phosphorothioate linkage at 
the 3'-terminus of the target nucleic acid. 
0243 A depolymerizing enzyme is preferably present in 
an amount Sufficient to depolymerize a hybridized target 
..probe. That amount can vary with the enzyme used, the 
depolymerization temperature, the buffer, and the like, as are 
well-known in the art. For a typical reaction carried out in 
a 20 uL volume, about 0.25 to about 1 unit (U) of an enzyme 
Such as Klenow exo- is used. About 1 to about 5 U of the 
thermostable enzymes are used for depolymerization at 
elevated temperatures. 
0244. Luciferase, which is part of the preferred ATP 
detection system, is inhibited by PP. In preferred embodi 
ments, care is taken to avoid transferring a highly inhibiting 
amount of PP, to the ATP detection reaction. Preferably, the 
amount of PP; carried over to the ATP detection reaction 
results in a concentration of PP, in the luciferase detection 
reaction of less than about 100 uM, although less than about 
10 uM is desirable. Therefore, the amount of PP, utilized in 
the pyrophosphorolysis reaction is determined by the size of 
the aliquot that is taken for use in the luciferase detection 
System. It is contemplated that the aliquot size can vary 
depending upon the test System used, but the amount of PP, 
transferred or carried over to the luciferase detection reac 
tion corresponds to the PP concentration parameters 
described above, so that the concentration of PP is at least 
below about 100 uM, and preferably below about 10 uM. 
0245. In one preferred embodiment of the invention, the 
enzyme whose activity is to depolymerize is a template 
dependent polymerase. The depolymerization reaction is a 
reverse of the polymerization reaction. In a contemplated 
embodiment, the polymerization reaction is reversed in the 
presence of pyrophosphate in a reaction referred to as 
pyrophosphorolysis. 
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0246. In some preferred embodiments, the reaction con 
ditions are preferably adjusted to further favor depolymer 
ization of a nucleic acid probe that is hybridized with its 
target nucleic acid Sequence by providing a higher concen 
tration of nucleic acid probe than its target nucleic acid 
Sequence. 

0247 One strategy to favor the depolymerization of a 
probe: target hybrid is that the probe be in excess over the 
nucleic acid target in the hybridization Step after denaturing 
of duplex target nucleic acid. 
0248 Another strategy to favor the depolymerization of 
a probe: target hybrid is to isolate only the Strand of nucleic 
acid target to which the probe is complementary. There are 
Several techniques that can be used to achieve this end. 
0249. In one technique, phosphorothioate linkages are 
utilized at the 5'-terminus of a target nucleic acid amplifying 
primer Sequence, e.g., at the 1 to about 105'-most residues. 
Upon PCR amplification of the target, the phosphorothioate 
linkages of the primer become incorporated into the ampli 
fied target nucleic acid as part of one of a pair of comple 
mentary Strands. Treatment of the double-Stranded resulting 
molecule with T7 polymerase exonuclease 6 removes the 
non-phosphorothioate-containing Strand. This technique is 
illustrated in detail in the Examples hereinafter. 
0250 In another technique, strand isolation can be 
accomplished by amplifying the target nucleic acid using 
PCR primers incorporated into the extended nucleic acid 
Strand (with which a nucleic acid probe useful herein is 
designed to hybridize) that are not labeled, whereas primers 
for the complementary Strand are labeled, Such as with 
biotin. Then, the amplified nucleic acid is denatured and 
added to Streptavidin linked to a Solid Support. A useful 
material is Streptavidin MagneSphere(R) paramagnetic par 
ticles (Promega, Z548A), where a magnet can be used to 
Separate the desired target nucleic acid Strand from its 
biotinylated complementary Strand. 
0251 B. Exonuclease Digestion 
0252) In other embodiments of the present invention, a 
method comprises depolymerizing the nucleic acid at a 
3'-terminal nucleotide by enzymatically cleaving the termi 
nal internucleoside phosphodiester bond to form an XMP as 
illustrated by the following reaction on double-stranded 
DNA having a 5'-overhang: 

5' . . . GpCpTipApApGpT-3'OH 

3' . . . CpGpApTpTpCpApCpTp-5' 

enzyme 

5' . . . GpCpTipA-3'OH 

3' . . . CpGpApTpTpCpApCpTp-5 " + 

cAMP - GMP - cTMP 

0253 For example, such a hydrolysis reaction can be 
catalyzed by Klenow or Exonuclease III in the presence or 
absence of NTPs. 

0254. In Some embodiments (e.g., quantitative assays for 
nucleic acids), the depolymerizing step is repeated essen 
tially to completion or equilibrium to obtain at least two 
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nucleotide molecules from a Strand of minimally three 
nucleotides in order to increase detection Sensitivity. In 
alternative embodiments, (e.g., qualitative detection of 
DNA), the depolymerizing step need not be repeated if there 
are Sufficient nucleic acid molecules present to generate a 
Signal. 

0255 In another embodiment of the present invention, 
terminally mismatched hybridized nucleic acid probes are 
first depolymerized into NMP or dNMP by exonuclease 
digestion according to the following reaction: 

NA+HO->NA+XMP Reaction 2 

0256 wherein NA is a nucleic acid, XMP is either a 
dNMP or NMP, and n is the number of nucleotides in the 
nucleic acid. 

0257 This depolymerization reaction is shown more spe 
cifically below in the following reaction on double-stranded 
DNA having a 5'-overhang and mismatched bases at the 
3'-terminus: 

5' . . . CpTpApApGpC-3'OH 

3' . . . GpApTpTpCpApCpTip-5' 

enzyme 

5' . . . CpTpApApG-3'OH 

3' . . . GpApTpTpCpApCpTip-5' + 

cCMP 

0258 For example, such a depolymerization reaction can 
be catalyzed by bacteriophage T4 polymerase in the absence 
of NTPs. In preferred embodiments, the released nucle 
otides, XMPs, are produced by nuclease digestion. 
0259 Nuclease digestion can be accomplished by a vari 
ety of nucleases that release a nucleotide with a 5" phosphate, 
including Si nuclease, nuclease BAL 31, mung bean 
nuclease, exonuclease III and ribonuclease H. Nuclease 
digestion conditions and buffers are known in the art. 
Nucleases and buffers for their use are available from 
commercial Sources. 

0260. In the biosynthesis of purine and pyrimidine mono 
nucleotides, phosphoribosyl-1-pyrophosphate (PRPP) is the 
obligatory ribose-5'-phosphate donor. PRPP itself is formed 
in a reaction catalyzed by PRPP synthetase through the 
transfer of pyrophosphate from ATP to ribose-5'-phosphate. 
This reaction is known to be reversible as described in 
Sabina et al., Science, 223: 1193-95 (1984). 
0261. In some embodiments of the present invention, the 
NMP or dNMP produced by nuclease digestion is preferably 
converted directly to NTP or dNTP by the enzyme PRPP 
Synthetase in the following reaction: 

0262 wherein XMP is either AMP or dAMP, and XTP is 
either ATP or dATP. Preferably, this reaction produces a 
threshold ATP concentration of approximately 1x10' M in 
100 ul of sample. 

0263. In this reaction, the pyrophosphate group of PRPP 
is enzymatically transferred to XMP molecules, forming 

Reaction 3 
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XTP molecules. Examples of suitable reaction conditions 
and buffers are set forth elsewhere herein. 

0264. Utilization of the PRPP reaction in the nucleic acid 
detection System of the present invention has advantages 
over previously reported methods. For example, only one 
step is necessary to convert an AMP or dAMP to ATP or 
dATP, thereby simplifying the detection system. In addition, 
contamination of the detection reaction with exogenous ATP, 
ADP, or AMP is less likely using methods of the present 
invention, as compared to previously reported methods. 

0265. In an embodiment wherein the depolymerizing 
enzyme exhibits 3'->5' exonuclease activity, the substrate is 
a double-Stranded or Single-Stranded nucleic acid having a 
3'-hydroxyl terminus. Enzymes having 3'->5' exonuclease 
activity that are useful in a process of the invention include 
E. coli DNA polymerase I, Klenow fragment and bacte 
riophage T4 DNA polymerase. E. coli DNA polymerase I 
holoenzyme is not preferred in a process of the invention 
because it is preferable to avoid the 5'-->3' exonuclease 
activity that degrades probe: target hybrids regardless of the 
degree of hybridization at the 3'-terminus. Bacteriophage w 
exonuclease has only 5'-->3' exonuclease activity, So it is not 
a contemplated enzyme. Similarly, Taq DNA polymerase 
has a very low level of 3'->5' exonuclease activity. Exonu 
clease III (Exo III) has 3' exonuclease activity on blunt 
ended Substrates or those having 5'-Overhangs or nicks with 
3'-hydroxyl groups, and is thus useful in a process of the 
invention for depolymerizing hybrids with matched 3' ter 
minal nucleotides. However, Exo III is not limited to hybrids 
having only partially complementary 3'-termini, it requires a 
double Stranded end, i.e. a matched terminal nucleotide. 

0266. In an embodiment of the invention where the 
enzyme’s activity is a 3'->5' exonuclease activity, the 
hybridized nucleic acid probe is depolymerized from its 
3'-terminal nucleotide. In a preferred embodiment in the 
case of a 3'->5' exonuclease activity of a polymerase, the 
preferred Substrate is a nucleic acid probe hybridized to a 
nucleic acid target Sequence with partial complementarity at 
its 3'-terminal region, most preferably with a mismatch at its 
3'-terminal residue that is an identifier nucleotide. 

0267 A contemplated method is particularly useful in a 
multiplex assay environment in which a plurality of probes 
is utilized to determine whether one or more of a plurality of 
predetermined nucleic acid Sequences is present or absent in 
a Sample. A particularly useful area for Such multiplex 
assays is in Screening assays where the usual analytical 
output indicates that the Sought-after gene is absent. 

0268. In one illustrative embodiment, a nucleic acid 
Sample is Screened for the presence of a plurality of prede 
termined mutant genes. In this embodiment, the mutants 
usually are not present and the analytical output is, for 
example, at about background levels except where a muta 
tion is present. In another embodiment, a plurality of 
Samples is examined for the presence or absence of microbe 
Specific genes. Here, again, where a population of healthy 
individuals, animals, or presumably Sterile food is Sampled, 
the absence of the Sought-after genes provides an analytical 
output that is about background levels, and only in the rare 
instance does a greater than the background output appear. 

0269. In a multiplexed embodiment of the above process, 
the Sample is admixed with a plurality of different nucleic 
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acid probes, preferably after amplification of the multiple 
nucleic acid targets as needed. In this embodiment of the 
invention, the analytical output for a certain result with one 
of the probes is distinguishable from the analytical output 
from the opposite result with all of the probes. 
0270. In preferred embodiments, the ATP produced via 
NDPK conversion of released nucleotides in the presence of 
ADP is detected by a luciferase detection system or an 
NADH detection system. In still another embodiment of the 
present invention, the pyrophosphate transferring Step and 
the phosphate transferring Step are performed in a single pot 
reaction. In other preferred embodiments, if increased Sen 
sitivity is required, the ATP molecules can be amplified. 
0271 In a contemplated multiplex embodiment, informa 
tion about the presence or absence of a plurality of nucleic 
acid target Sequences is determined using a process of the 
invention on a single nucleic acid Sample, by admixing the 
Sample with a plurality of nucleic acid probes for the various 
nucleic acid targets. 
0272. In a first multiplex embodiment of the invention, 
the analytical output obtained when at least one of the 
nucleic acid probes hybridizes with partial complementarity 
to its target nucleic acid Sequence is greater than the ana 
lytical output when all of the nucleic acid probes hybridize 
with total complementarity to their respective nucleic acid 
target Sequences. Preferably, in Such an embodiment, the 
enzyme whose activity is to depolymerize hybridized 
nucleic acid to release nucleotides exhibits a 3'->5'-exonu 
clease activity, depolymerizing hybridized nucleic acids 
having one or more mismatched bases at the 3'-terminus of 
the hybridized probe. 
0273. In a second multiplex embodiment of the inven 
tion, the analytical output obtained when at least one of Said 
nucleic acid probes hybridizes with partial complementarity 
to its target nucleic acid Sequence is less than the analytical 
output when all of the nucleic acid probes hybridize with 
total complementarity to their respective nucleic acid target 
Sequences. Preferably, in Such an embodiment, the enzyme 
whose activity is to depolymerize hybridized nucleic acid to 
release nucleotides is a template-dependent polymerase. 
0274. In a third multiplex embodiment of the invention, 
the analytical output obtained when at least one of Said 
nucleic acid probes hybridizes with total complementarity to 
its nucleic acid target Sequence is greater than the analytical 
output when all of the nucleic acid probes hybridize with 
partial complementarity to their respective nucleic acid 
target Sequences. Preferably, in Such an embodiment, the 
enzyme whose activity is to depolymerize hybridized 
nucleic acid to release nucleotides is a template-dependent 
polymerase. 
0275. In a fourth multiplex embodiment of the invention, 
the analytical output obtained when at least one of Said 
nucleic acid probes hybridizes with total complementarity to 
its target nucleic acid Sequence is less than the analytical 
output when all of the nucleic acid probes hybridize with 
partial complementarity to their respective nucleic acid 
target Sequences. Preferably, in Such an embodiment, the 
enzyme whose activity is to depolymerize hybridized 
nucleic acid to release nucleotides exhibits a 3'->5'-exonu 
clease activity, depolymerizing hybridized nucleic acids 
having one or more mismatched bases at the 3'-terminus of 
the hybridized probe. 
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0276 Analytical Output 
0277. The analytical output is obtained by detection of 
the released identifier products, either the released nucle 
otides or the remainder of the probe. Exemplary detection 
Systems include the light emitting luciferase detection SyS 
tem, the NADH light adsorption detection system (NADH 
detection System), fluorescence emissions and mass spec 
trometry. These detection Systems are discussed hereinbe 
low. 

0278 The fact that nucleotides were released (a qualita 
tive determination), or even the number of nucleotides 
released (a quantitative determination) can be deduced 
through examination of the probe after depolymerization. 
The determination of the size of an oligonucleotide is well 
known in the art. For example gel Separation and chromato 
graphic Separations are well known. Gel imaging techniques 
that take advantage of fluorescence and absorbance Spec 
troScopy as well as radiographic methods. Mass spectrom 
etry of oligonucleotides is also becoming more common. 

0279 A. Detection of ATP 
0280 Luciferase detection systems are particularly useful 
for detecting ATP. In the presence of ATP and oxygen, 
luciferase catalyzes the oxidation of luciferin, producing 
light that can then be quantified using a luminometer. 
Additional products of the reaction are AMP, pyrophosphate 
and oxyluciferin. 

0281. In particularly preferred embodiments, ATP detec 
tion buffer referred to as L/L reagent (Promega, FF2021) is 
utilized. In Some embodiments, Luciferase ASSay Reagent 
(LAR) buffer (Promega, E152A) is used instead of L/L 
reagent. Preferably, about 5 to 10 ng of luciferase are used 
in the reaction. Although it is not intended that the present 
invention be limited to a specific concentration of luciferase, 
greater amounts of luciferase have a tendency to increase 
non-specific background. 

0282. It is contemplated that in some embodiments, the 
dNTPs or NTPs produced by pyrophosphorolysis or 
nuclease digestion are converted to XTP, which can then be 
used directly as Substrate for luciferase, permitting detection 
of the nucleic acid. However, the preferred substrate for 
luciferase is ATP, as demonstrated by Moyer and Henderson, 
Anal. Biochem., 131:187-89 (1983). When DNA is the initial 
substrate, NDPK is conveniently utilized to catalyze the 
conversion of dNTPs to ATP by the following general 
reaction: 

dNTP*-ADP-edNDP-ATP* Reaction 4 

0283 wherein DNTP is a mixture of deoxyribonucleo 
side triphosphates and dNDP is the corresponding deoxyri 
bonucleoside diphosphate. In Reaction 4, the terminal 
5'-triphosphate (P) of the dNTP is transferred to ADP to 
form ATP 

0284 Enzymes catalyzing this reaction are generally 
known as nucleoside diphosphate kinases (NDPKs). NDPKs 
are ubiquitous, relatively nonspecific enzymes. For a review 
of NDPK, see Parks and Agarwal, in The Enzymes, Volume 
8, P. Boyer Ed. (1973). 
0285) The conversion of NTPs or dNTPs to ATP by 
NDPK is preferably accomplished by adding NDPK and a 
molar excess of ADP Over the amounts of NTPS or dNTPs 
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expected to be produced by pyrophosphorolysis or nuclease 
digestion, followed by pyrophosphorylation by PRPP syn 
thetase. The utilization of ADP requires optimization of the 
amount of ADP added. Too much ADP results in high 
background levels. 

0286 NDPK (EC 2.7.4.6) preparations from several bio 
logical Sources are commercially available from Several 
suppliers. For example yeast NDPK is available from Sigma 
Chemical Co., St. Louis, Mo., whereas bovine NDPK is 
available from ICN Biochemicals, Inc., Costa Mesa, Calif. 
The particular NDPK selected for most uses described 
herein is typically a matter of choice. 

0287. A further embodiment of the invention, such as is 
used for Single Tandem Repeat (STR) detection, contem 
plates a method for determining the number of known 
repeated Sequences that are present in a nucleic acid target 
Sequence in a nucleic acid Sample. A method for determining 
the number of repeated known Sequences comprises the 
following Steps. A plurality of Separately treated Samples is 
provided. Each Sample contains a nucleic acid target 
Sequence, containing a plurality of known repeated 
Sequences and a non-repeated region, hybridized with a 
nucleic acid probe. Each nucleic acid probe contains a 
different number of complementary known repeated 
Sequences of alleles of the target nucleic acid, an identifier 
nucleotide in the 3'-terminal region and a 5'-terminal locker 
Sequence that is complementary to the non-repeated region 
of the target. A treated reaction mixture is formed by 
admixing each treated Sample with a depolymerizing 
amount of an enzyme whose activity is to release one or 
more nucleotides from the 3'-terminus of a hybridized 
nucleic acid probe. The treated reaction mixture is main 
tained for a time period Sufficient to permit the enzyme to 
depolymerize the hybridized nucleic acid probe and release 
an identifier nucleotide. The Samples are analyzed for the 
presence or absence of released identifier nucleotide to 
obtain an analytical output. The analytical output from the 
Sample whose probe contained the same number of Sequence 
repeats as present in the target nucleic acid is indicative of 
and determines the number of Sequence repeats present in 
the nucleic acid target. 

0288. In one aspect of the method, the target nucleic acid 
is homozygous with respect to the number of the repeated 
Sequences at the two alleles. In an alternative method of the 
invention, the target nucleic acid is heterozygous for the 
repeated Sequences. In another method of the invention, an 
identifier nucleotide is a nucleotide that is part of the region 
containing a repeated Sequence. In an alternative method of 
the invention, an identifier nucleotide of the probe Sequence 
is part of the region containing a non-repeating Sequence 
that is complementary to that located in the target nucleic 
acid 5' to the repeated Sequences. In this latter aspect of the 
method, the identifier nucleotide is present in a Sequence 
containing 1 to about 20 nucleic acids that is complementary 
to a non-repeating Sequence of the target nucleic acid located 
in the probe 3' to the repeated Sequences. The repeated 
known Sequence present in a nucleic acid target Sequence 
typically has a length of 2 to about 24 bases per repeat. Di 
and tri-nucleotide repeats are well known in the art. 

0289 AS is illustrated in the Examples that follow, it can 
be beneficial to carry out a contemplated method at elevated 
temperatures, e.g., about 50 C. to about 90° C. An above 
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mentioned NDPK has a very short half-life at these tem 
peratures, e.g., less than about one minute, and it is preferred 
to use a thermostable NDPK for reactions at these elevated 
temperatures. 

0290) A particularly preferred thermostable NDPK was 
obtained by cloning the appropriate DNA of the thermo 
philic bacteria Pyrococcus furiosis (Pfu). The NDPK 
obtained, denoted NDPK Pfu, retains much more activity 
after maintenance at a temperature of 70° C. for a time 
period of 5 minutes than did yeast NDPK, and was found to 
have a half-life at a temperature of 70° C. of about 10 
minutes as compared to yeast NDPK that had a half-life at 
that temperature of about 0.6 minutes. The recombinant 
enzyme contains 161 amino acid residues, whose Sequence 
is provided as Pfs in SEQ ID NO:91, with a corresponding 
DNA sense strand sequence as Pfa in SEQ ID NO:90. 
0291. A contemplated thermostable NDPK, such as Pfu 
NDPK, is advantageously utilized in a So-called one-step or 
one-pot method of this invention. Here, a treated Sample that 
may contain the predetermined nucleic acid target Sequence 
hybridized with a nucleic acid probe that includes an iden 
tifier nucleotide in the 3'-terminal region is admixed with a 
depolymerizing amount of an enzyme whose activity in the 
presence of pyrophosphate is to release identifier nucleotides 
as nucleoside triphosphates from the hybridized nucleic acid 
probe, adenosine 5' diphosphate (ADP), pyrophosphate and 
NDPK to form a treated reaction mixture. The treated 
reaction mixture So formed is maintained for a time period 
Sufficient to permit the enzyme to depolymerize the probe 
and to permit NDPK to convert the XTP present into ATP (as 
shown in reaction 4). The amount of ATP formed is deter 
mined by the production of an analytical output, with that 
output providing the indication of the presence or absence of 
the presence of the target nucleic acid Sequence. 

0292 Although yeast, bovine or another NDPK can be 
used in these reactions, it is preferred to utilize a thermo 
stable NDPK such as the Pfu NDPK along with a thermo 
Stable depolymerizing enzyme Such as the Tne triple mutant 
DNA polymerase (discussed below), Bst DNA polymerase, 
Ath DNA polymerase, Taq DNA polymerase and Tvu DNA 
polymerase along with a reaction temperature of about 50 
C. to about 90° C. The use of these thermostable enzymes at 
an above temperature can enhance the Sensitivity of the 
method. 

0293. The Tne triple mutant DNA polymerase is 
described in detail in WO 96/41014, whose disclosures are 
incorporated by reference, and its 610 residue amino acid 
sequence is provided as SEQ ID NO:35 of that document. 
That enzyme is referred to in WO 96/41014 as Tne M284 
(D323A.D389A). 
0294 Briefly, that enzyme is a triple mutant of the 
polymerase encoded by the thermophilic eubacterium Ther 
motoga neapolitana (ATCC 49049). The amino-terminal 
283 residues of the native Sequence are deleted and the 
aspartic acid residues at positions 323 and 389 of the native 
Sequence are replaced by alanine residues in this recombi 
nant enzyme. This recombinant enzyme is thus a deletion 
and replacement mutant of the native enzyme. 

0295 Deletion of the amino-terminal sequence removes 
the 5' exonuclease activity of the native enzyme, whereas 
replacement of the two aspartic acid residues removes a 
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magnesium binding site whose presence facilitates exonu 
clease activity, and this triple mutant also exhibited no 3' 
exonuclease activity relative to the recombinant native 
enzyme. This triple mutant enzyme exhibited a half-life at 
97.5 C. of 66 minutes as compared to the full length 
recombinant enzyme that exhibited a half-life of only 5 
minutes at that temperature. 
0296 Areaction containing NDPK contains about 0.01 to 
0.50 uM ADP, preferably about 0.05 uM ADP. Various 
useful buffers and other reaction components are Set forth 
elsewhere. NDPK is itself present in an amount Sufficient to 
catalyze the desired conversion of ADP to ATP. In a typical 
assay Starting from a 20 till depolymerization reaction, about 
0.1 U of NDPK are used. 

0297 Where larger volumes of reactants are used, with 
the target and probe concentrations being approximately 
proportionately larger, the amount of NDPK or the other 
enzymes discussed herein can be used in a similar larger 
proportion relative to the amount discussed for the 20 u, 
reaction. Indeed, a 20 till reaction has been Successfully 
scaled down about two fold and scaled upwardly by a factor 
of about 20. 

0298 As an optional step, the NTP, dNTP, or ATP gen 
erated by the pyrophosphorolysis or nuclease digestion 
reactions followed by appropriate treatments can be ampli 
fied to give even greater Sensitivity. For example, amplifi 
cation can be required when detection Systems other than 
luciferase are utilized or when increased levels of Signal are 
needed for detection by a leSS Sensitive luminometer. 
“Amplification of NTP” refers to a continuous reaction, 
wherein 1 NTP gives rise to 2 NTPs, which can be cycled to 
yield 4 NTPs and so on. When AMP is added to feed the 
amplification reaction, ATP accumulates. PCT publication 
WO 94/25619 and Chittock et al., Anal. Biochem, 
255:120-6 (1998), incorporated herein by reference, disclose 
amplification systems for ATP characterized by the follow 
ing coupled reactions: 

0299 wherein C1 is the target compound present in a 
Sample to be amplified, S1 is the amplification Substrate, E1 
is a catalytic enzyme capable of utilizing C1 and S1 to 
produce C2, S2 is a high energy phosphate donating Sub 
Strate, and E2 is a catalytic enzyme capable of utilizing C2 
and S2 to produce C1, which then recycles through the 
reaction. According to this reaction Scheme, each pass 
through the coupled reaction doubles the amount of C1, 
which can be subsequently detected. Patent Application GB 
2,055,200 discloses an amplification system utilizing ade 
nylate kinase and pyruvate kinase. 
0300. In providing a coupled ATP amplification reaction 
for use in nucleic acid detection, two main requirements 
should be considered. First, E1 should not be able to utilize 
the high energy phosphate donor utilized by E2. If E1 can 
utilize the high energy phosphate donor, the ATP amplifi 
cation reaction proceeds in the absence of NTP or dNTP 
produced as a result of pyrophosphorolysis. This results in 
the undesirable occurrence of false positive results. Second, 
a molar excess of the added high energy phosphate donor is 
preferably provided as compared to the amount of XTP 
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expected in the reaction. Third, E1 should be able to utilize 
either the NTP, dNTP, or ATP produced in step 1 by 
pyrophosphorolysis or nuclease digestion of the nucleic 
acid. 

0301 The amplification system of some preferred 
embodiments of the present invention can be characterized, 
as follows: 

0302 wherein D-P is a high energy phosphate donor and 
E1 and E2 are enzymes capable of catalyzing the transfer of 
phosphates from an XTP to AMP and from the D-P to ADP, 
respectively. The ATP so produced can reenter the reaction 
(i.e., as XTP) and the reaction can be repeated until the 
Substrates are exhausted or equilibrium is reached, resulting 
in the production of two ATPs for every ATP Supplied to or 
generated by the reaction. When the target XTP is any 
nucleoside triphosphate other than ATP, the initial pass 
through the cycle yields only 1 ATP that then reenters the 
cycle to produce two ATP, both of which reenter the cycle to 
produce 4 ATP and so on. Preferably, the amplification 
reaction produces a threshold ATP concentration of approxi 
mately 1x10' Molar in 100 uL of sample. 
0303) In some preferred embodiments, the XTP in the 
amplification system above is NTP or DNTP, which can 
preferably be ATP provided by pyrophosphorolysis (e.g., 
Reaction 1) or created from XTP by NDPK conversion of 
ADP to ATP (e.g., Reaction 4) or provided by nuclease 
digestion coupled with transformation of the XMPs to XTPs 
(e.g., Reaction 3) followed by NDPK conversion to ATP 
(e.g., Reaction 4). It should be appreciated, however, that 
when an amplification step is utilized for a DNA substrate, 
the step of converting dNTP to ATP is inherent in the 
amplification System. Therefore, a separate converting Step 
is not required for the present invention. 
0304) A nucleoside monophosphate kinase (NMPK) or 
adenylate kinase is preferably utilized as enzyme 1 (E1). 
NMPKS occur as a family, each of which is responsible for 
catalyzing the phosphorylation of a particular NMP Until 
recently, it was generally thought that ATP and dATP were 
preferred phosphate donors. However, Shimofuruya and 
Suzuki Biochem. Intl., 26(5):853-61 (1992) recently dem 
onstrated that at least some NMPKS can utilize other phos 
phate donors such as CTP and UTP. Enzyme 2 (E2) is 
preferably NDPK or pyruvate kinase. NDPKs generally 
catalyze the transfer of the terminal 5'-triphosphate of NTPs 
to NDPs to form NTPs from the NDP. Pyruvate kinase 
catalyzes the transfer of phosphate from phosphoenolpyru 
vate (PEP) to ADP to form ATP. These enzymatic activities 
are utilized in the amplification reaction to transfer a phos 
phate group from a high energy phosphate donor (D-P) to 
either ADP or an NDP. 

0305. In particularly preferred embodiments, a high 
energy phosphate donor (D-P) that can be used by E2 but not 
by E1 is used. When E2 is NDPK, dCTP or C.f3-methylene 
adenosine 5'-triphosphate (AMP-CPP) can be utilized as 
D-P. When E2 is pyruvate kinase, PEP is the preferred high 
energy phosphate donor. 

Reaction 6 

0306 Prior to the invention disclosed in the parent appli 
cation, the ability of NDPK to utilize these substrates at 
efficiencies permitting production of minute quantities of 
ATP was not known. AS the recent literature Suggests that 
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NMPK (E1) can utilize phosphate donors other than ATP or 
dATP, it is Surprising that these high energy phosphate 
donors utilized with NMPK meet the requirements of the 
amplification reaction. The nonspecificity of adenylate 
kinase is also well known, and in the examples adenylate 
kinase is E-1, dCTP is not used as D-P. 
0307 The high energy phosphate donor and/or AMP is 
preferably provided in a molar exceSS as compared to the 
amount of ATP or dNTP expected to be present in the 
Sample, So that the high energy phosphate donor is not 
recycled at an appreciable rate. Although it is not intended 
that the present invention be limited to any particular 
embodiment, various buffers and reaction components are 
provided in the Examples. 
0308 B. NADH Detection 
0309. In the NADH detection system, a combination of 
two enzymes, phosphoglycerate kinase and glyceraldehyde 
phosphate dehydrogenase, is used to catalyze the formation 
of NAD from NADH in the presence of ATP. Because 
NADH is fluorescent whereas NAD is not, ATP is measured 
as a loss in fluorescence intensity. Examples of NADH based 
ATP assays are disclosed in U.S. Pat. Nos. 4,735,897, 
4.595,655, 4,446,231 and 4,743,561, and UK Patent Appli 
cation GB 2,055,200, all of which are herein incorporated by 
reference. 

0310 C. Mass Spectrometric Analysis 
0311. In one method of the invention, the presence of 
released nucleotides is analyzed via mass spectrometry. In 
an embodiment of a method using mass spectrometry, the 
treated reaction mixture is ionized in a manner Such that all 
components of the treated reaction mixture in the molecular 
weight range of the released identifier nucleotides are mea 
Sured. Very Small differences in molecular weight can be 
detected using mass spectrographic methods (different iso 
topes of the same atom are detectable), So any variation from 
a natural nucleic acid, including a Single atom Substitution 
(e.g. a fluorine in place of a hydrogen atom or a replacement 
of a hydrogen by a deuterium atom) in the identifier nucle 
otide gives rise to a detectable difference. Nucleic acid 
analogs used in methods of the invention should not inter 
fere with either the hybridization of the nucleic acid probe 
or depolymerization of the hybridized probe. 
0312. Additionally, mass spectrometry can discriminate 
between individual nucleotides or nucleosides. For example, 
if the 3'-identifier nucleotide used in the instant invention 
was a G nucleotide, mass Spectrometry can be used to detect 
the release of that G nucleotide in a method of the present 
invention. Similarly, mass spectrometry can detect the 
release of an A, T or C nucleotide, based on the differences 
in atomic weight of these compounds. Thus, in a multiplex 
ing embodiment of the present invention, mass spectrometry 
can be used to resolve the presence of one or more of these 
3'-identifier nucleotides. 

0313. In a particularly useful aspect of this embodiment, 
a mass spectral technique referred to as DIOS (desorption/ 
ionization on Silicon) was recently reported by Wei et al., 
Nature, 399:243(1999) that can accurately perform one or 
multiple assays on picogram or attagram amounts using 
commercially available mass Spectrographs adapted with a 
Specialized porous Silicon Sample well. The older, well 
known, MALDI mass spectrographic assay techniques can 
also be utilized. 
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0314. In an embodiment of a multiplex method using 
mass spectrometry, multiple different identifier nucleotides 
can be used in the various nucleic acid probes. Using Such 
a technique the presence of the different identifier nucle 
otides is direct evidence of the presence of the nucleic acid 
target Sequences. 

0315 D. Fluorescence Spectroscopic Analysis 
0316. In some contemplated embodiments, the identifier 
nucleotide includes a fluorescent label. In one embodiment 
when the nucleotide is a fluorescent label, the analytical 
output is obtained by fluorescence spectroscopy. In an 
alternative embodiment when the nucleotide is a fluorescent 
label, the analytical output is obtained by mass spectrometry. 
0317. In a preferred embodiment of the invention, the 
fluorescent label is part of a fluorescent analog of a nucle 
otide. Fluorescent nucleotide analogs are widely known and 
commercially available from Several Sources. An exemplary 
source is NENTM Life Science Products (Boston, Mass.), 
who offer dideoxy-, deoxy-, and ribonucleotide analogs a 
labeled with fluorescein, coumarin, tetramethylrhodamine, 
naphthofluorescein, pyrene, Texas RedOR, and Lissamine T.M. 
Other suppliers include Amersham Pharmacia Biotech 
(Uppsala, Sweden; Piscataway, N.J.) and MBI Fermentas, 
Inc. (Amherst, N.Y.). 
0318. An advantage to using fluorescent labels and fluo 
rescence spectroscopy analysis is that there are multiple 
different labels. Such different labels would be particularly 
useful in a multiplex embodiment of the invention. Different 
fluorescent labels would be used in different probes, so that 
the detection of a particular fluorescently-labeled nucleotide 
analog as a released identifier nucleotide could be used to 
deduce which nucleic acid targets are present. 
0319 For example, fluorescein has a 488 nm excitation 
and 520 nm emission wavelength, whereas rhodamine (in 
the form of tetramethyl rhodamine) has 550 nm excitation 
and 575 nm emission wavelength. A fluorescence detector 
provides an excitation Source and an emission detector. The 
emission wavelengths of 520 nm and 575 nm are easily 
distinguishable using fluorescence Spectroscopy. 
0320 On a per molecule basis, fluorescence spectroscopy 
is about 10-fold more Sensitive than absorbance Spectros 
copy. A very wide variety of fluorescence spectroScopy 
based detectors are commercially available for reading fluo 
rescence values of Single tubes, flow cells and multi-Well 
plates, among others. For example, Labsystems Multiskan 
models of microplate readers are widely available with a 
spectral range of 400 to 750 nm, and filters for 340, 405, 414, 
450, 492, 540, 620, and 690 nm (e.g. Fisher Scientific, 
Pittsburgh, Pa.). 
0321. It is contemplated that a released identifier nucle 
otide could be labeled before or after depolymerization 
using cross-linking chemistry well known in the art with 
commercially available reagents. For example, fluorescein 
isothiocyanate and rhodamine B isothiocyanate are both 
available from Aldrich Chemical Company (Milwaukee, 
Wis.). References to fluorescein isothiocyanate’s use in 
labeling biological molecules include Nature, 193:167 
(1962), Methods Enzymol. 26:28 (1972), Anal. Biochem., 
57:227 (1974), Proc. Natl. Acad. Sci., U.S., 72:459 (1975). 
0322. It is contemplated that for many embodiments of 
the invention, it is useful to Separate released fluorescent 
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identifier nucleotides from those bound to an oligonucle 
otide, Such as a probe. Thus, the Separation techniques well 
known in the art and discussed above are useful with Such 
an embodiment, including HPLC fitted with a fluorescence 
detector. The enhanced Sensitivity of fluorescence relative to 
other Spectroscopic techniques can be used to increase the 
Sensitivity of a detection or quantification process of the 
invention. 

0323 E. Absorbance Spectroscopic Analysis 
0324. An absorbance spectrographic analysis step is con 
templated to provide an analytical output, thereby provide 
for the determination of the presence or absence released 
identifier nucleotide, and indicate the presence or absence of 
Said nucleic acid target Sequence. This embodiment contem 
plates the chromatographic Separation of a reaction mixture 
that has been treated with a depolymerizing amount of an 
enzyme whose activity is to release one or more nucleotides 
from the 3'-terminus of a hybridized nucleic acid. 
0325 In an illustrative embodiment, a multiplexed assay 
for the presence of Several different nucleic acid target 
Sequences in a Sample is analyzed by absorbance Spectros 
copy. Several labeled probes to various nucleic acid target 
Sequences are added to a nucleic acid Sample. The labels on 
the probes may be various nucleotide analogs, a different 
one for each probe. A depolymerizing enzyme is added, Such 
as Klenow eXo-, releasing the labeled nucleotides and other 
nucleotides from the 3'-termini of probes hybridized to 
target Sequences when the 3' terminal nucleotide is matched. 
0326. The reaction solution is loaded onto a pre-equili 
brated High Pressure Liquid Chromatography (HPLC) col 
umn and eluted under conditions that Separate the nucleotide 
analogs from the natural nucleotides. Useful media for 
chromatographic Separation of nucleotides, bases, and 
nucleosides include reverse phase media, Such as a reverse 
phase C18 column or ODS-80T or ODS-120TTSK-GEL 
by ToSoHaas (Montgomeryville, Pa.), anion exchange 
media, such as DEAE-25SW or SP-25W TSK-GEL by 
TosoHaas (Montgomeryville, Pa.), or affinity media, such as 
Boronate-5PW TSK-GEL by TosoHaas (Montgomeryville, 
Pa.). Example 65 illustrates an embodiment of the present 
invention using HPLC. 
0327. The HPLC column is fitted with an absorbance 
detector to monitor the column effluent. Hence, “absorbance 
Spectroscopy for this type of analysis. Typical wavelengths 
for monitoring HPLC detection of nucleotides are 250 nm, 
260 nm and 280 nm. Such separations of nucleotides and 
nucleotide analogs are well known in the art. Revich et al., 
J. Chromatography, 317:283-300 (1984), and Perrone & 
Brown, J. Chromatography, 317:301-310 (1984) provide 
examples of the HPLC separation of dNTPs. 
0328. Identification of the separated nucleotide analogs 
can be accomplished by comparison of the retention times 
(as monitored by absorbance of effluent at various times) of 
Standards of the nucleotide analogs separated on the same 
HPLC column under the same conditions. Alternatively, the 
identity of the nucleotide analogs collected in Separate 
fractions (as determined by continually monitoring the 
absorbance of the column effluent) can be determined by 
other Standard analytical methods, Such as nuclear magnetic 
resonance or atomic analysis (H.C.N). 
0329. In this illustrative example using depolymerization 
with Klenow eXo-, the presence of a released identifier 
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nucleotide from a particular probe indicates the presence of 
the target Sequence that hybridize with that probe. 

0330. In an alternative embodiment, the released nucle 
otides from a depolymerization reaction mixture are sepa 
rated on a gas chromatograph fitted with an absorbance 
detector to monitor column effluent. 

0331 Coupled Reactions 

0332. In some embodiments, certain of the above reac 
tions can be performed as Single pot reactions. A "single pot 
reaction' is a reaction wherein at least two enzymes (i.e., E1 
and E2) with catalytic activity are present in the same 
reaction mix and act on one or more Substrate(s) (i.e., S1 and 
S2). In Some embodiments, the reactions catalyzed by the 
enzymes occur Simultaneously where E1 acts on S1 and E2 
acts on S2. Alternatively, the reactions catalyzed by E1 and 
E2 can occur in a step-wise or coupled manner (e.g., where 
E1 acts on Si to produce an intermediate S2 and E2 then acts 
on S2). Of course, in yet other embodiments, Such a coupled 
reaction can also be essentially simultaneous. 

0333. The ability to utilize combinations or mixtures of 
the enzymes of the present invention in Single pot reactions 
is Surprising, in light of the extremely low levels of nucleic 
acid detection that are achieved using the present invention. 
This low level detection is possible even though some 
enzymes are used under Suboptimal conditions. AS previ 
ously described, it was found to be necessary to optimize the 
concentration of PP utilized in the pyrophosphorolysis reac 
tions to minimize inhibition of luciferase. Therefore, ali 
quots from the NMP-, dNMP-, NTP-, dNTP- and ATP 
producing reactions can be directly added to L/L Reagent for 
luciferase detection without any purification of the reaction 
products. The luciferase reaction is not poisoned or other 
wise quenched by the components of the reactions. This 
desirable feature permits automation and high throughput 
analysis with a minimal amount of time and effort, and it 
also permits great flexibility in the design of the overall 
detection Schemes. However, it is not intended that the 
present invention be limited to any particular reaction con 
dition, reagents, or embodiments. 
0334. In some preferred embodiments, the pyrophospho 
rolysis reaction producing DNTP and the NDPK catalyzed 
reaction in which the NTPS or dNTPs are converted to ATP 
are performed in a Single pot reaction in the nucleic acid 
polymerase buffer in these embodiments. NDPK activity is 
sufficient to convert dNTP to ATP, even though the poly 
merase buffer conditions are suboptimal for NDPK activity. 
0335). The polymerase enzyme and NDPK can both be 
present initially in the reaction, or the NDPK can be added 
directly to the reaction after an incubation period Sufficient 
for the production of NTP or dNTP. Alternatively, a nucleic 
acid polymerase and NDPK can be provided in the same 
vessel or mixture for use in the reactions described above. 
The mixture preferably contains the nucleic acid polymerase 
and NDPK in a concentration sufficient to catalyze the 
production of ATP when in the presence of a nucleic acid, 
pyrophosphate and ADP. 

0336 Preferably, the polymerase is provided in a con 
centration of about 0.1 to 100 U/reaction (i.e., where “U” is 
units) most preferably at about 0.5 U/reaction. Preferably, 
the NDPK is provided in a concentration of 0.1 to 100 
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U/reaction, most preferably at about 0.1 U/reaction. In 
further preferred embodiments, the mixture is substantially 
free of contaminating ATP 
0337 Similarly, the PRPP synthetase and NDPK reac 
tions can be carried out in a single pot reaction in the PRPP 
synthetase buffer. Again, in these embodiments, NDPK 
activity is sufficient even though conditions for NDPK 
activity are Suboptimal. 
0338. The nuclease-digested sample containing free 
NMPs and dNMPs can be added to a reaction mix initially 
containing PRPP synthetase and NDPK, or added to a PRPP 
Synthetase reaction followed by addition to a reaction mix 
containing NDPK. By way of example, certain preferred 
buffers and reaction components can be found in the 
Examples. However, it is not intended that the present 
invention be limited to Specific bufferS or reaction compo 
nentS. 

0339) PRPP synthetase and NDPK can be provided in the 
Same vessel or mixture for use in the reactions described 
above. The mixture preferably contains the PRPP synthetase 
and NDPK in a concentration Sufficient to catalyze the 
production of ATP when in the presence of PRPP and ADP. 
Preferably, the NDPK is provided in a concentration of 0.1 
to 100 U/reaction, most preferably at about 0.1 U/reaction. 
Preferably, the PRPP synthetase is provided in a concentra 
tion of 0.001 to 10 U/reaction, most preferably at about 0.01 
U/reaction. If amplification is desired, the PRPP synthetase 
reaction is preferably heat inactivated, otherwise the PRPP 
synthetase converts the added AMP to ATP. 
0340. The pyrophosphorolysis reaction and amplification 
reaction can also be performed in a Single pot reaction. In 
this single pot reaction, poly(A) polymerase or any Suitable 
template-dependent polymerase can be used, including, but 
not limited to, AMV reverse transcriptase, MMLV reverse 
transcriptase, DNA polymerase alpha or beta, Taq poly 
merase, Tth polymerase, Tne polymerase, Tne triple mutant 
polymerase, TVu polymerase, Ath polymerase, E. coli DNA 
polymerase I, T4 DNA polymerase, Klenow fragment, Kle 
now exo minus, or poly(A) polymerase. 
0341 In some embodiments, a first enzyme for convert 
ing AMP to ADP can be myokinase (e.g., adenylate kinase) 
or NMPK, and in other embodiments, a second enzyme for 
converting ADP to ATP can be pyruvate kinase or NDPK. In 
addition, in preferred embodiments, the reaction is fed AMP. 
In particularly preferred embodiments, apyrase-treated AMP 
is utilized to reduce background due to contaminating ADP 
and ATP. Preferably 1 till of 1 U/ull apyrase is added to 19 
till of 10 mM AMP, followed by incubation at room tem 
perature for 30 minutes and heat inactivation of the apyrase 
by incubation at 70° C. for 10 minutes. 
0342 High energy phosphate donors are also added to the 
reaction. In preferred embodiments, when pyruvate kinase is 
utilized, PEP is added. In other preferred embodiments, 
when NDPK is utilized, dCTP is added. Preferably, the high 
energy phosphate donor is added about 15 minutes after a 
pre-incubation with the polymerase, although this is not 
necessary. These reactions can be characterized as follows: 

ADP-D-P-e ATP--D Reaction 7 
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0343 wherein NA is a nucleic acid, XTP is a nucleoside 
triphosphate (either a deoxynucleoside or ribonucleoside 
triphosphate), XDP is a nucleoside diphosphate (either a 
deoxynucleoside or ribonucleoside diphosphate), and D-P is 
a high energy phosphate donor. It should be appreciated that 
this reaction produces ATP, the preferred substrate for 
luciferase, from dNTPs. 
0344) The amplification reaction proceeds as described in 
reaction 7 to produce a threshold ATP concentration of 
approximately 1x10' Molar in 100 uL of sample. Prefer 
ably, the polymerase is provided in a concentration of about 
0.1 to 100 U/reaction, most preferably at about 0.5 U/reac 
tion. Preferably, the NDPK is provided in a concentration of 
0.1 to 100 U/reaction, most preferably at about 0.1 U/reac 
tion. Preferably, the mixture is substantially free of contami 
nating ATP 
0345 Probe-Mediated Specific Nucleic Acid Detection 
0346) Depolymerization reactions can be used to inter 
rogate the identity of a specific base in a nucleic acid. For 
example, the identity of Single base point mutations, dele 
tions, or insertions in a nucleic acid can be determined as 
follows. 

0347 In one embodiment, a nucleic acid probe is syn 
thesized that is Substantially complementary to a target 
nucleic acid containing or Suspected of containing a point 
mutation. It will be recognized that various hybridization 
conditions can be used, So as to vary the Stringency at which 
hybridization occurs. Thus, depending upon the System 
utilized, the complementarity of the probe can be varied. 
Depending on the length of the probe, the GC content, and 
the Stringency of the hybridization conditions, the probe can 
have as many as 10 base mismatches with the target nucleic 
acid, and preferably less than 5 mismatches. Most prefer 
ably, the probe has only one base mismatch with the target 
nucleic acid or is completely complementary to the target 
nucleic acid. 

0348 The nucleic acid probe comprises single-stranded 
nucleic acid (e.g., DNA or RNA). The probe can be of 
varying lengths, preferably from about 10 to 100 bases, most 
preferably about 10 to 30 bases. In particularly preferred 
embodiments, the probe is complementary to the target at all 
bases between an interrogation position and 3' end of the 
nucleic acid probe. 
0349. In preferred embodiments, the probe is designed to 
have a predetermined nucleotide at an interrogation position. 
When the complementary probe base pairs or hybridizes to 
the target nucleic acid, the base at an interrogation position 
aligns with the base in the nucleic acid target whose identity 
is to be determined under conditions Such that base pairing 
can occur. It is contemplated that an interrogation position 
can be varied within the probe. For example, in Some 
preferred embodiments, an interrogation position is prefer 
ably within 10 bases of the 3' end of the nucleic acid probe. 
In Still other preferred embodiments, an interrogation posi 
tion is within 6 bases of the 3' end of the nucleic acid probe. 
In particularly preferred embodiments, an interrogation 
position is at the next to last or last base at the 3' end of the 
nucleic acid probe. 
0350. In some preferred embodiments, four different 
probes of equal length are Synthesized, each having a 
different nucleotide at an interrogation position. Accord 
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ingly, it is contemplated that in Some embodiments, a set of 
DNA probes includes a first probe with a deoxyadenosine 
residue at an interrogation position, a Second probe with a 
deoxythymidine residue at an interrogation position, a third 
probe with a deoxyguanosine residue at an interrogation 
position, and a fourth probe with a deoxycytosine residue at 
an interrogation position. Likewise, it is also contemplated 
that a set of RNA probes includes a first probe with an 
adenosine residue at an interrogation position, a Second 
probe with a uridine residue at an interrogation position, a 
third probe with a guanosine residue at an interrogation 
position, and a fourth probe with a cytosine residue at an 
interrogation position. 

0351. In the next step of some embodiments, the probe or 
probes are hybridized to the target nucleic acid in Separate 
reactions So that a probe nucleic acid-target nucleic acid 
complex is formed. It is contemplated that hybridization 
conditions can vary depending on the length and base 
composition of the probe. In the probe-target nucleic acid 
complex, the nucleotide at an interrogation position is 
aligned with the Specific base to be identified in the nucleic 
acid. In embodiments in which a Set of probes is utilized, a 
different reaction is performed with each probe. In a mul 
tiplex embodiment, the Set of probes can be used Simulta 
neously. Because the probes differ at an interrogation posi 
tion, only one of the probes is complementary to the Specific 
base in the target nucleic acid which is aligned with an 
interrogation position. 

0352. In the next step of some embodiments, the nucleic 
acid probe-target nucleic acid complexes are individually 
reacted under conditions permitting depolymerization of the 
probe. The preferred reaction conditions for depolymeriza 
tion are described above and in the following Examples. The 
nucleotides are then detected. In preferred embodiments, the 
reaction mix also contains reagents necessary to catalyze the 
conversion of XTP to ATP equivalents as described in 
reaction 4 and in the following Examples. In Some preferred 
embodiments, the nucleotides and/or ATP produced by the 
depolymerization reaction are then detected by either a 
luciferase or NADH detection system. Complementarity of 
the base at an interrogation position of the nucleic acid probe 
to the corresponding base in the nucleic acid target is 
characterized by detection of a signal generated from ATP 
following depolymerization. 

0353. In particularly preferred embodiments, the identity 
of the Specific base is determined by comparing the amount 
of ATP produced in each reaction. Depolymerization of the 
probe proceeds from its 3' end. When the base at an 
interrogation position is not complementary to the Specific 
base in the nucleic acid, very little or no ATP is produced, 
and thus no signal results. In alternative embodiments, this 
method can be practiced with from one to four probes. It is 
contemplated that utilizing multiple probes, (e.g., each with 
a different base at an interrogation position), may prove 
unnecessary if a positive signal is produced (e.g., with the 
first probe tested). 
0354) In yet another preferred embodiment, the probe 
mediated Specific nucleic acid detection method of the 
present invention can be used to Simply identify or detect a 
nucleic acid of interest. For this method, a nucleic acid probe 
(e.g., DNA or RNA) is utilized which is substantially 
complementary to the target nucleic acid, which can be RNA 
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or DNA. In a particularly preferred embodiment, the nucleic 
acid probe is entirely complementary to the target nucleic 
acid. The nucleic acid probe comprises Single-Stranded 
nucleic acid (e.g., DNA or RNA). The probe can be of 
varying lengths, preferably from about 10 to about 1000 
bases, most preferably about 10 to 100 bases. Detection is 
carried out as described above. The nucleic acid probe 
nucleic acid target complex is exposed to conditions per 
mitting depolymerization of the probe, which results in the 
production of XTPs. Detection of the nucleic acid of interest 
is characterized by a difference in the Signal generated by the 
XTPs produced. Preferably, the XTPs are converted to ATP 
as described above and the ATP detected by a luciferase or 
NADH detection system. 

0355. In another embodiment, the presence or absence of 
a lesion in the target nucleic acid can be detected. A lesion 
may either be an insertion mutation or a deletion mutation in 
the wild-type target nucleic acid. The wild-type target 
nucleic acid contains a region of complementarity, to which 
the nucleic acid probe can hybridize. Thus, the region of 
complementarity in the wild-type target nucleic acid is 
defined by the 5' and 3' ends of the nucleic acid probe. When 
the region of complementarity contains a lesion, the nucleic 
acid probe may still hybridize to the target nucleic acid, but 
the hybridization is only partial. Depending on the Size and 
nature of the lesion, either the 5' or 3' end of the probe may 
hybridize to the target nucleic acid, or a hybridization 
Structure characterized by the presence of a loop may be 
formed. In each of these cases, depolymerization will be 
prevented. Preferably, the nucleic acid probe is designed So 
that the lesion to be detected begins about leSS than ten bases 
from 3' end of the probe, preferably less than about 6 bases. 
The nucleic acid probe comprises Single-Stranded nucleic 
acid (e.g., DNA or RNA). The probe can be of varying 
lengths, preferably from about 10 to about 1000 bases, most 
preferably about 10 to 100 bases. Detection of a nucleic acid 
containing a lesion is characterized by the difference of a 
signal generated from the XTP produced. Preferably, the 
XTPs are converted to ATP as described above and the ATP 
detected by a luciferase or NADH detection system. 

0356. It is contemplated that an increase in the signal 
(analytical output) produced by the probe-mediated Specific 
nucleic acid detection methods of the invention can be 
realized by a novel cycling method. In this embodiment of 
the invention, two probes are designed that are complemen 
tary to each other and have a 3' overhang at each end when 
they hybridize to one another. In preferred embodiments, the 
probes are designed So that the 3' overhang is a single base 
overhang. In alternative embodiments, the probes also can 
hybridize to a target nucleic acid. In particularly preferred 
embodiments, a polymerase that acts from the 3' end of 
nucleic acids and does not recognize 3' overhangs is utilized 
for the depolymerization reaction, Such as Klenow exo-. 

0357. In preferred embodiments, the first step of the 
reaction involves hybridization of an excess of one of the 
probes to the target nucleic acid in the presence of the 
polymerase and under conditions permitting depolymeriza 
tion as described above. In Some embodiments, no 3' over 
hang exists, and the depolymerase reaction proceeds from 
the 3' end of the probe. In some embodiments, the reaction 
is terminated by Separating the probe from the target nucleic 
acid by heating the probe-target nucleic acid complexes. On 
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average, as few as one base is removed from probes that 
were bound to the target nucleic acid, and fractions of 
Shortened probes are created. 
0358 In the second step, an excess of the second probe 
is added to the reaction. Due to the law of mass action, the 
Shortened probes produced in the first Step have a tendency 
to bind to the newly added complementary probes, whereas 
the non-shortened probes bind to the target nucleic acid. The 
Shortened probes that bind to the complementary probes 
produce a complex with no 3' overhang on one end, and are 
depolymerized. This effectively doubles the amount of Sub 
Strate available for the depolymerization reaction. Steps one 
and two can be repeated additional times until the desired 
level of detection is achieved. In an alternative preferred 
embodiment, the reactions can be coupled with NDPK as 
described above, to produce ATP equivalents that are detect 
able by a luciferase-based or NADH-based assay system. 
0359 The ability to interrogate the identity of a specific 
base in a nucleic acid also permits discrimination between 
nucleic acids from different species, or even from different 
alleles. The ability to detect and discriminate between 
nucleic acids of related or unrelated Species also permits the 
identification of Species contained within a given nucleic 
acid-containing Sample. For example, the method can be 
used to determine which Species of Several related bacteria 
are contained within a Sample (e.g., clinical Samples, envi 
ronmental samples, or Samples from non-human animals). 
0360. In preferred embodiments of this method, nucleic 
acids with Substantially identical Sequences from at least two 
Species or alleles are detected. The region of identity (target 
nucleic acid Sequence) contains at least a single nucleotide 
mismatch between the Species or alleles in at least one 
predetermined position and also contains a 3' end and a 5' 
end or the identification of a nucleic acid Sequence unique to 
each species to be identified. 
0361 Next, in some embodiments, an RNA or DNA 
probe that is Substantially complementary to the region of 
identity is Synthesized. The probe can be of varying lengths, 
preferably from about 10 to 1000 bases, most preferably 
about 10 to 100 bases. As above, this complementary probe 
includes an interrogation position. 
0362 An interrogation position can be varied within the 
probe. For example, an interrogation position is preferably 
within 10 bases of the 3' end of the nucleic acid probe. More 
preferably, an interrogation position is within 6 bases of the 
3' end of the nucleic acid probe. Most preferably, an inter 
rogation position is at the next to last or last base of the 3' 
end of the nucleic acid probe. 
0363 The nucleic acid probes are designed so that the 
base at an interrogation position is complementary to the 
nucleotide at the predetermined position of one species or 
allele, but not another due to the mismatch. Likewise, a 
Second probe can be Synthesized that is complementary at an 
interrogation position to the nucleotide at the predetermined 
position of a Second Species or allele. 
0364. This same procedure can be employed to identify 
the presence or absence of multiple species within a given 
Sample. In these embodiments, all that is required is the 
identification of Substantially identical Sequences between 
Species that contain base mismatches or the identification of 
a nucleic acid Sequence unique to each species to be iden 
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tified. Similarly, this procedure can be used for quantitative 
analysis of the number of alleles at a loci in a Sample. By 
comparing the quantity of analytical output relative to an 
appropriate internal or external control, the number of alleles 
at a locus can be determined. These comparative quantities 
can be expressed in terms of the ratio of one allele to the 
other in one Sample verSuS that Same ratio measurement in 
a control Sample. In this process, events Such as loss of 
heterozygosity or trisomy can be detected. 

0365 For example, a normal heterozygous control has a 
ratio of about 1:1 with respect to the two alleles that make 
up the heterozygote. That is, each allele of the heterozygote 
can be detected when a nucleic acid probe is used to detect 
the presence of that allele. If the quantity of analytical output 
obtained by the release of identifier nucleotide when the first 
and Second alleles are detected is expressed as a ratio, the 
relative amounts of the first and second allele would be 
about the same for a Sample which is heterozygous at that 
locus. When a Sample has lost heterozygosity, one of the two 
alleles is not detectable. If the first allele is lost, then the first 
allele will not be detected in the sample if the sample is 
assayed using a nucleic acid probe for the first allele. The 
Second allele will, however, be present at a similar amount 
as would be present in a known heterozygous control 
Sample, So assaying the Sample with a nucleic acid probe for 
the Second allele will provide an analytical output. If the 
quantity of the analytical output for the first and Second 
alleles for a Sample having a loSS of heterozygosity of the 
first allele is expressed as a ratio, the ratio will be about 0:1, 
indicating the absence of the first allele. Conversely, where 
the Second allele is lost, the ratio of the quantity of analytical 
output for the first and second allele would be about 1:0, 
indicating the absence of the Second allele. 

0366 The presence of trisomy of an allele is detected in 
a similar fashion. In a trisomy event, four outcomes are 
possible with respect to a first and Second allele. The trisomy 
can be homozygous for the first allele, in which case three 
copies of the first allele will be present and no copies of the 
Second allele will be present. Thus, the ratio of the quantity 
of analytical output for the first and second allele will be 3:0. 
If the trisomy is homozygous for the Second allele, three 
copies of the second allele will be present. The ratio of the 
quantity of analytical output for the first and Second allele 
will be 0:3. Two cases of heterozygous trisomy are possible: 
two copies of allele one and one copy of allele two, or one 
copy of allele one and two copies of allele two. These two 
heterozygous trisomy outcomes can be detected by deter 
mining the ratios of the quantity of analytical output for the 
first and Second alleles, preferably in comparison to a known 
heterozygous control Sample. If the ratio is 2:1, then the 
heterozygous trisomy has two copies of the first allele and 
one copy of the Second allele. If the ratio is 1:2, then the 
heterozygous trisomy has one copy of the first allele and two 
copies of the Second allele. 

0367 The use of an appropriate control, for example a 
heterozygous control, allows the appropriate interpretation 
of the ratioS obtained from the analysis of a Sample Sus 
pected of having a loSS of heterozygosity or of trisomy. 

0368. In the next step of some embodiments, separate 
reactions are performed utilizing each probe. The probes are 
hybridized to the target nucleic acid to form a probe nucleic 
acid-target-nucleic acid complex. In the probe nucleic acid 
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target nucleic acid complex, the nucleotide at an interroga 
tion position of the probe is aligned with the nucleotide at 
the predetermined position in the nucleic acid, So that base 
pairing occurs. The probe-target nucleic acid complex is 
then reacted under conditions permitting depolymerization 
of the probe from its 3' end. 
0369 Preferred conditions for depolymerization (depo 
lymerization conditions) are described herein. The nucle 
otides are then detected. In Some preferred embodiments, the 
nucleotides are converted to ATP equivalents as described in 
reaction 4 and in the Examples. In preferred embodiments, 
the ATP is detected by luciferase or NADH detection sys 
temS. 

0370. These embodiments of the present invention permit 
discrimination between nucleic acids from different Species 
or alleles, as NTPs are produced by depolymerization only 
when the nucleotide at an interrogation position of the probe 
is complementary to the nucleotide at the predetermined 
position of the nucleic acid from the Species. AS described 
above, Significant depolymerization proceeds only if the 
base at an interrogation position is complementary to the 
base at the predetermined position in the target nucleic acid. 
The NTP concentration, including the ATP concentration, 
differs when a mismatch is present as compared to when a 
mismatch is not present. These differences can be detected 
(e.g., by either an ATP or NADH detection system). 
0371. A method contemplated by the present invention 
has wide applicability in assaying nucleic acids. In Some 
aspects, an endogenous nucleic acid is assayed to determine 
whether a particular native or mutant Sequence is present or 
absent. This type of analysis is Sometimes referred to as 
genotyping because the genetic makeup of the Subject from 
which the nucleic acid Sample is obtained is determined. 
Speciation, the identity of an organism, Such as the identi 
fication of a human, dog, chicken, bovine or the like can be 
determined by use of Species-specific nucleic acid probes 
Such as probes to Selected regions of the gene encoding 
cytochrome B. 

0372) Using a contemplated method, one can illustra 
tively determine whether a human patient, for example, has 
the Leiden V mutation, a mutant B-globin gene, the cystic 
fibrosis-related gene in the region of the delta 508 allele, a 
mutation in a prothrombin gene, congenital adrenal hyper 
plasia, a translocation that takes place in the region of the bcr 
gene along with involvement of a Segment of the abl gene, 
the number of repeated Sequences in a gene Such as are 
present in THO 1 alleles or the TPOX alleles, as well as the 
loSS of heterozygosity of the locus of certain alleles as is 
found in certain cancers and also allelic trisomy. Genomic 
typing can also be used to assay plant genomes Such as that 
of rice, Soy or maize, and the genomes of microbes Such as 
Campylobacter jejuni, cytomegalovirus (CMV) or human 
immunodeficiency virus(HIV) to determine whether a drug 
resistant Strain is present in a Sample. 
0373) A contemplated method can also be utilized to 
assay for the presence or absence of nucleic acid that is 
exogenous to the Source of the Sample. For example, a 
contemplated method can be used to assay for the presence 
of viruses such as hepatitis C virus (HCV), cytomegalovirus 
(CMV), human immunodeficiency virus (HIV), as well as to 
determine the viral load in an organism with a disease, Such 
as a human or a plant. A contemplated method can also be 
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used to identify the presence of an exogenous nucleic acid 
Sequence in a plant Such as maize, Soy or rice. A contem 
plated method can also be used to assay for the presence of 
microorganisms. Such as Listeria monocytogenes, Campylo 
bacter spp., Salmonella spp., Shigella spp. or Escherichia 
coli (including E. coli E0157) in foodstuffs such as meats, 
dairy products, and fruit juices. 
0374. The determination of an appropriate nucleic acid 
target Sequence useful for designing nucleic acid probes for 
use in a method of the invention is within the skill of the art. 
Databases of genetic Sequences, Such as Genbank, can be 
used to ascertain the uniqueness of the Selected nucleic acid 
target. Commercially available software for designing PCR 
primers can be used to assist in the design of probes for use 
in the invention. 

0375 Determination of Repeated Sequences 
0376 A process of the invention is useful for determining 
the presence of repeated Sequences in a nucleic acid Sample. 
The repeated known Sequence present in a nucleic acid 
target Sequence typically has a length of 2 to about 24 bases 
per repeat. Di- and tri-nucleotide repeats are well known in 
the art. An application of this process is Single Tandem 
Repeat (STR) detection. Typically, different alleles of the 
target nucleic acid have different numbers of the repeated 
Sequences, So the determination of the number of repeats is 
useful in genotyping. Such methods have important appli 
cations in the forensic Sciences in identity testing. A method 
for determining the number of repeated known sequences is 
as follows. 

0377 Special nucleic acid probes are designed and 
obtained that contain multiples of a known repeating 
Sequence. Each probe contains a different number of a 
repeated Sequence that is complementary to that of the 
nucleic acid target Sequence. Each probe has a 5'-terminal 
locker Sequence that is complementary to the non-repeated 
region of the target that is downstream of the repeated region 
in the target. The probes typically have an identifier nucle 
otide in the 3'-terminal region, but as described herein, the 
release of nucleotides from the 3' terminus during a depo 
lymerization Step of the invention can alternatively be 
ascertained by the size of the remaining probe. 
0378. The use of a 5'-terminal locker sequence fixes the 
5'-terminus of the probe relative to the repeated region. 
Thus, for example when the probe has fewer repeats than the 
target, it is not free to hybridize anywhere throughout the 
repeated region, but only along the first matching group of 
repeats. in this embodiment, the probe will be completely 
complementary to the target Sequence, even though it is 
Shorter than the target. However, when the probe has more 
repeats than the target, the probe extends into the adjacent 
non-repeated region and is mismatched at its 3'-terminal 
region. 
0379. In some cases, it is desirable to determine the 
number of repeats by comparison with Standard nucleic acid 
Samples having known numbers of repeats (and how they 
respond to the various probes). In other cases, the number of 
repeats can be deduced by the shape of the curve of a graph 
having its ordinate (X-) axis be the number of repeats in the 
probe and its abscissa (y-) axis be the analytical output 
indicating the number of nucleotides released, Such as light 
output in luminescence spectroscopic analysis of all of the 
released nucleotide converted to ATP 
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0380. In such a graph, for example when the depolymer 
izing enzyme is a template-dependent polymerase or exoII, 
the output is greater when the probe has the Same or fewer 
repeats than the target, relative to the output when the probe 
has more repeats than the target. The S-shaped curve 
changes most rapidly after the number of repeats in the 
probe Surpasses the number of repeats in the target. Thus, the 
derivative of the curve is greatest at that point. Similar 
results when the depolymerizing enzyme preferentially 
releases nucleotides from mismatched Substrates, except that 
the output is less when the probe has the same or fewer 
repeats than the target. 
0381 Thus, in a preferred embodiment of a process to 
determine the number of repeats of a known Sequence, a 
plurality of Separately treated Samples is provided. Each 
Sample contains a nucleic acid target Sequence, containing a 
plurality of known repeated Sequences and a downstream 
non-repeated region on the target relative to the repeated 
Sequences. The Sample is hybridized with an above-de 
Scribed nucleic acid probe. 
0382. A treated reaction mixture is formed by admixing 
each treated Sample with a depolymerizing amount of an 
enzyme whose activity is to release one or more nucleotides 
from the 3'-terminus of a hybridized nucleic acid probe. The 
treated reaction mixture is maintained for a time period 
Sufficient to permit the enzyme to depolymerize the hybrid 
ized nucleic acid probe and release an identifier nucleotide. 
0383) The samples are analyzed for the presence or 
absence of released identifier nucleotide to obtain an ana 
lytical output. The analytical output from the Sample whose 
probe contained the same number of Sequence repeats as 
present in the target nucleic acid is indicative of and deter 
mines the number of Sequence repeats present in the nucleic 
acid target. The analytical output is obtained by lumines 
cence Spectroscopy, maSS Spectroscopy, fluorescence Spec 
troScopy or absorption SpectroScopy, including visualization 
of the remaining probe, as described herein with regard to 
the general method of the invention. 
0384. In one aspect of the method, the target nucleic acid 
is homozygous with respect to the number of the repeated 
Sequences at the two alleles. In an alternative method of the 
invention, the target nucleic acid is heterozygous for the 
repeated Sequences. 
0385) In one method of the invention, an identifier nucle 
otide is a nucleotide that is part of the region containing a 
repeated Sequence. In an alternative method of the invention, 
the nucleic acid probe further comprises a Second non 
repeating Sequence that is located downstream of the 
repeated Sequences in the probe (3' of them). This second 
non-repeating Sequence is complementary to a non-repeat 
ing Sequence located in the target nucleic acid 5' to its 
repeated Sequences. In this embodiment, it is contemplated 
that an identifier nucleotide of the probe Sequence is part of 
the region containing the Second non-repeating Sequence. 
Thus, the identifier nucleotide is present in a Sequence 
containing 1 to about 20 nucleic acids that is complementary 
to a non-repeating Sequence of the target nucleic acid located 
in the probe 3' to the repeated Sequences. 
0386 Extension-Mediated 
Sequences 
0387. One common PCR-based method for determining 
the presence or absence of a Specific known nucleic acid 
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Sequence, Such as a mutation (e.g. a genetic polymorphism), 
is called an amplification refractory mutation System 
(ARMS), also known as allele-specific PCR (ASP), PCR 
amplification of specific alleles (PASA) or allele-specific 
amplification (ASA). In a typical ARMS assay two PCR 
reactions using different PCR primers are conducted on the 
same nucleic acid sample. Each of the two PCR primers is 
designed to have a residue at the 3'-terminus of the primer 
that is complementary to one of the two allelic variants and 
not to the other. The PCR reaction does not extend from a 
primer having a 3'-terminal mismatched base, unless the 
polymerase used has a 3' to 5" proofreading activity that 
removes the mismatched base and inserts the correct base. 
Proofreading repairs the PCR primer and destroys the exten 
Sion discrimination between the two alleles. Therefore, a 
polymerase lacking a 3' to 5" proofreading activity, Such as 
Taq DNA polymerase, is used in such an ARMS assay. The 
extension products are typically ascertained after agarose gel 
electrophoresis with ethidium bromide Staining. 
0388. In the art, it is known that the discrimination 
between specificity of PCR extension from the allele-spe 
cific ARMS primers is enhanced by the introduction of 
deliberate mismatches near the 3'-terminal nucleotide, 
although possibly also decreasing overall PCR extension 
product yield. Other factors known to affect the stability of 
the hybridization of PCR primers in an ARMS assay include 
the position of additional mismatches in the primer, the GC 
content of the 5 or 6 nucleotides preceding the 3' nucleotide, 
and the discriminatory 3'-terminal nucleotide, depending on 
the difference between the alleles and the type of mismatch. 
The destabilization is greater when the Second mismatch is 
nearer to the 3'-terminal nucleotide. The destabilizing effect 
of additional mismatches on ARMS has been ranked quali 
tatively (CC>CT>GG=AA=AC>GT). 
0389. A process of the invention can be used to ascertain 
matched or mismatched bases at the discriminatory 3'-ter 
minal nucleotides in place of conducting PCR extension, as 
demonstrated in Example 58. It is contemplated that Similar 
factors will affect the stability of hybrids in a process of the 
invention as has been noted with ARMS, so preferably, such 
considerations are taken into effect when designing probes 
for use in process of the invention. 
0390 A contemplated method can be used to determine 
the presence or absence in a nucleic acid Sample of a 
restriction endonuclease recognition Sequence that cleaves 
double-stranded DNA leaving a 5' overhang or a blunt end. 
The cleavage product is a nucleic acid target that is a 
Substrate for an enzyme whose activity is to release one or 
more nucleotides from the 3'-terminus in a process of the 
invention. 

0391 The use of restriction enzymes known at the time 
of practicing the invention to leave 5' overhangs or a blunt 
end after cleavage are contemplated for use in a claimed 
process. Such restriction enzymes are currently well known 
in the art. The enzymes are commercially available from 
Several companies, including Promega Corp. in Madison, 
Wisconsin. A list of Some Such enzymes can be found in 
Sambrook et al., Molecular Cloning. A Laboratory Manual, 
2" Ed., Cold Spring Harbor Laboratory Press (Plainview, 
N.Y.: 1989). 
0392 A process of the invention contemplates the detec 
tion of a restriction endonuclease site to detect the presence 
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or absence of a certain nucleic acid within a Sequence, Such 
as an SNP. In Such a process, the Sequence adjacent down 
Stream of an SNP in a nucleic acid target is used to design 
a PCR primer for a PCR amplification that is complementary 
to the downstream sequence SNP in a first region of the PCR 
primer. Preferably, the 3'-terminal of the PCR primer is used 
to determine the presence or absence of the SNP. Thus, the 
3'-terminal residue of the PCR primer either matches or 
mismatches with the SNP. Preferably, a destabilizing mis 
match is incorporated into this PCR primer, as described 
above, to enhance the specificity of PCR extension from the 
PCR primer when the 3'-terminal residue matches the SNP. 
A second region of the PCR primer forces the introduction 
of a restriction endonuclease recognition site into the PCR 
products. The restriction endonuclease recognition Sequence 
is Selected to provide a Substrate for a depolymerization 
reaction of the invention. The PCR reaction is conducted and 
the product purified. The PCR product is treated with the 
restriction endonuclease to cleave at its recognition site 
leaving a restriction endonuclease cleavage product contain 
ing an identifier nucleotide. A depolymerizing enzyme of the 
invention is admixed with the PCR product either before or 
after restriction endonuclease cleavage. The admixture is 
analyzed for the release of identifier nucleotide after main 
taining the admixture under depolymerizing conditions for a 
time period Sufficient for depolymerization. AS noted herein, 
the identifier nucleotide need not be a nucleotide analog, but 
it is possible if a nucleotide analog, including a fluorescently 
labeled nucleotide, were present in the original PCR primer 
that became the restriction endonuclease recognition 
Sequence. AS discussed herein, the release of identifier 
nucleotide is ascertained by analyzing the released nucle 
otide or the remaining probe. 
0393 Amplification of the Sample Target or a Detection 
Target 
0394. A target nucleic acid sequence is typically ampli 
fied prior to use of a contemplated method. However, where 
a Sufficient number of repeated nucleotide Sequences are 
present in the native Sample as in the human Alu Sequence 
or the E. coli rep Sequence, amplification is often not needed 
prior to carrying out a contemplated method. 
0395. Several methods are known in the art to amplify a 
region of DNA. These include polymerase chain reaction, 
ligase chain reaction, repair chain reaction, amplification of 
transcripts, Self-sustained sequence replication (3SR), liga 
tion activated transcription (LAT), Strand displacement 
amplification (SDA) and rolling circle replication. A claimed 
proceSS contemplates prior treatment of a nucleic acid 
Sample using any amplification method known in the art at 
the time of practicing a claimed process to detect the 
presence of a nucleic acid target in the Sample. 
0396 Polymerase chain reaction (PCR) is very widely 
known in the art. For example, U.S. Pat. Nos. 4,683,195, 
4,683,202, and 4,800,159, the disclosures of which are 
incorporated herein by reference, describe processes to 
amplify a nucleic acid Sample target using PCR amplifica 
tion primers which hybridize with the Sample target. 
0397 As the PCR amplification primers are extended, 
using a DNA polymerase (preferably thermostable), more 
Sample target is made So that more primers can be used to 
repeat the process, thus amplifying the Sample target 
Sequence. Typically, the reaction conditions are cycled 
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between those conducive to hybridization and nucleic acid 
polymerization, and those that result in the denaturation of 
duplex molecules. 

0398. To briefly summarize, in the first step of the reac 
tion, the nucleic acid molecules of the Sample are transiently 
heated, and then cooled, in order to denature any double 
Stranded molecules that may be present. Amplification and 
target primers are added to the amplification reaction mix 
ture at an exceSS concentration relative to the sample target. 
When the sample is incubated under conditions conducive to 
hybridization and polymerization, the amplification primer 
hybridizes to the nucleic acid of the Sample at a position 3 
to the Sequence of the desired Sample target to be amplified. 
If the nucleic acid molecule of the Sample was initially 
double stranded, the target primer will hybridize to the 
complementary Strand of the nucleic acid molecule at a 
position 3' to the Sequence of the region desired to be 
amplified that is the complement of the Sequence whose 
amplification is desired. Upon addition of a polymerase, the 
3' ends of the amplification and (if the nucleic acid molecule 
was double Stranded) target primers are extended. The 
extension of the amplification primer results in the Synthesis 
of a DNA molecule having the exact Sequence of the 
complement of the desired nucleic acid Sample target. 
Extension of the target primer results in the Synthesis of a 
DNA molecule having the exact Sequence of the desired 
nucleic acid Sample target. 

0399. The PCR reaction is capable of exponentially 
amplifying the desired nucleic acid Sequences, with a near 
doubling of the number of molecules having the desired 
Sequence in each cycle. Thus, by permitting cycles of 
hybridization, polymerization, and denaturation, an expo 
nential increase in the concentration of the desired nucleic 
acid molecule can be achieved. Reviews of the technique 
include K. Mullis, Cold Spring Harbor Symp. Quant. Biol., 
51:263-273 (1986); C. R. Newton & A. Graham, Introduc 
tion to Biotechniques: PCR, 2" Ed., Springer-Verlag (N.Y.: 
1997). 
04.00 Ligase chain reaction (LCR) is described in Euro 
pean Patent No. 0.320,308. In LCR, two adjacent amplifi 
cation primers, as well as two others that are complementary 
to them, are present in exceSS in the amplification reaction, 
which contains DNA ligase. The amplification primers 
hybridize to the complementary Sequence in the Sample 
target, Such that the adjacent primers are Substrates for ligase 
only when hybridized to the Sample target. Ligase links the 
two adjacently hybridized amplification probes. In a Succes 
Sion of temperature cycles, preferably with use of a ther 
mostable ligase, the linked probes Separate from the target 
and can in turn Serve as target Sequence for other amplifi 
cation probes (Barany, Proc. Natl. Acad. Sci., USA, 88:189 
193 1991). In a contemplated embodiment of the invention, 
an LCR method is used to amplify a detection target nucleic 
acid prior to or Simultaneously with hybridization of a 
detection probe (interrogation probe) of the invention and 
depolymerization to release identifier nucleotides. 

04.01. In another aspect, the nucleic acid of interest is 
amplified from the crude nucleic acid Sample using a repair 
chain reaction (RCR) method prior to detection of the target. 
In a RCR method of amplification, two oligonucleotide 
amplification primers that are complementary to the ampli 
fication target and two other primers are provided in exceSS 
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in the presence of a thermostable DNA ligase and a ther 
mostable DNA polymerase. When a nucleic acid sample 
target Sequence is present, the amplification primerS hybrid 
ize to the nucleic acid Sample at either Side of the amplifi 
cation target leaving a gap between the otherwise adjacently 
hybridized primers. The gap is filled in with DNA poly 
merase and then ligated with DNAligase to form a complete 
complementary copy of the amplification target with the 
primer on either end. By a Succession of temperature cycles, 
as in PCR and LCR, the extended primers linked to the 
amplification primers can in turn Serve as target for new 
primers. International patent application publication number 
WO 90/01069. 

0402. In another contemplated embodiment of the inven 
tion, the nucleic acid of interest is amplified from the crude 
nucleic acid Sample using an amplification of transcripts 
(TAS) method prior to detection of the target. In a TAS 
amplification method, Such as that described in international 
patent application publication number WO 88/10315, an 
amplification cycle comprises three Stages. 

0403. In the first stage, a cDNA is synthesized from RNA 
in the presence of reverse transcriptase and a complementary 
primer also containing an RNA polymerase promoter, Such 
as a phage RNA promoter. Following thermal denaturation 
of the RNA/cDNA heteroduplex, the single-stranded cDNA 
is replicated by reverse transcriptase in the presence of an 
antisense amplification primer. The DNA homoduplex thus 
obtained during this second Stage contains a double-Stranded 
promoter to which a phage DNA-dependent RNA poly 
merase can bind. The third Stage then consists of transcrib 
ing RNA molecules (from 30 to 1000 per template) which 
can serve as template for the synthesis of additional cDNA 
to continue the amplification cycle. Davis et al., J. Infect. 
Dis., 162:13-20 (1990). 
04.04. In another contemplated embodiment of the inven 
tion, the nucleic acid of interest is amplified from the crude 
nucleic acid Sample using a method Similar to TAS, Such as 
Self-sustained sequence replication (3SR), nucleic acid 
Sequence-based amplification (NASBA), and Single primer 
Sequence replication (SPSR), as an amplification method 
prior to detection of the target using depolymerization 
according to the invention. 3SR is described in international 
patent application publication number WO 90/06995. 
NASBA is described in European Patent No. 0,373,960. 
SPSR is described in U.S. Pat. No. 5,194,370, the disclo 
Sures of which are herein incorporated by reference. These 
three methods use RNA- and DNA-dependent DNA poly 
merases (reverse transcriptase), ribonuclease H (RNase H, 
Escherichia coli enzyme and/or enzymatic activity associ 
ated with reverse transcriptase) and DNA-dependent RNA 
polymerase (T7 bacteriophage RNA polymerase). 

0405 Briefly, at a fixed temperature (37-47 C.), a con 
tinuous process of reverse transcription and transcription 
reactions are conducted by methods well-known in the art in 
order to replicate an RNA target via cDNA. The RNA 
polymerase binding site (e.g. T7 phage RNA polymerase 
site) is introduced by the primer used for the reverse 
transcription stage. The isothermal denaturation of the RNA/ 
cDNA heteroduplex is effected by specific hydrolysis of the 
RNA using RNase H activity. The free cDNA is replicated 
from a Second oligonucleotide by reverse transcriptase. The 
resulting DNA/DNA homoduplex is transcribed into RNA 
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by, for example, T7 RNA polymerase. The product RNA can 
Serve as a template to repeat the amplification cycle. 
0406. In another contemplated embodiment of the inven 
tion, the nucleic acid of interest is amplified from the crude 
nucleic acid Sample using a ligation activated transcription 
(LAT) method prior to detection of the target. LAT is 
described in U.S. Pat. No. 5,194,370, whose disclosures are 
incorporated herein by reference. 
04.07 Rolling circle replication is described in U.S. Pat. 
No. 5,854,033, the disclosures of which are incorporated 
herein by reference. Rolling circle replication reporter Sys 
tems are useful in detecting the presence of nucleic acid 
molecules of interest, and in amplifying target Sequences 
either of the nucleic acid Sequence of interest or of a reporter 
Signifying its presence. In a contemplated embodiment of 
the present invention, Such amplification and reporter Sys 
tems are used in conjunction with a hybridization analysis 
process of the present invention. 
0408. Several methods of the invention contemplate the 
determination of the presence or absence of a predetermined 
nucleic acid target in a nucleic acid Sample using an open 
circle primer. The predetermined nucleic acid Sample target 
has a 5' region and a 3' region and will be considered a 
“Sense' Strand for reference purposes. 
04.09 An open circle first probe has three regions. The 
open circle probe has a 5'-terminal region (the first region of 
the open circle probe) that hybridizes to a 3' region of a 
nucleic acid sample target and a 3'-terminal region (the third 
region of the open circle probe) that hybridizes to a 5' region 
of a nucleic acid sample target that may be RNA or DNA. 
The second region is the between the 3'- and 5'-terminal 
regions. The circular detection probe is DNA that is anti 
Sense relative to the nucleic acid Sample target. 
0410 The proper hybridization of the 5’- and 3'-terminal 
regions of the open circle probe to the predetermined nucleic 
acid Sample target brings the 5’- and 3'-terminal ends of the 
open circle probe into proximity of each other. The two ends 
of the open circle probe can be linked together using ligase, 
or if there are Several bases between the two ends a process 
of the invention contemplates that the intervening bases can 
be filled in using DNA polymerase or an oligo and then 
linked using ligase. The linkage of the two ends of the open 
circle probe results in a closed circular probe that is hybrid 
ized to the predetermined nucleic acid Sample target. If the 
predetermined nucleic acid Sample target is absent, then the 
open circle probe is unaffected by ligase. 
0411) An amplification primer hybridizes to a portion of 
the Second region of the closed circular probe. In a contem 
plated amplification step, a DNA chain (Sense) is extended 
from the amplification primer using a DNA polymerase that 
has displacement activity. An extension product from the 
amplification primer is complementary to the Second region 
of the closed circular probe. 
0412) If the open circle probe has not been ligated, 
amplification will only proceed through the 5'-terminal 
region (the first region) of the open circle probe. DNA 
complementary to the portion of the open circle primer from 
3'-terminal region (the third region) through the portions of 
the Second region up to the amplification primer hybridiza 
tion Site is not made unless open circle primer has been 
ligated to form a closed circular primer. 
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0413 With a closed circular probe, DNA complementary 
to the entire closed circular probe is replicated, including a 
detection target Sequence that is complementary to the 
detection probe (sometimes referred to as an interrogation 
probe). Hybridization of the detection probe to the replicated 
detection target Sequence is ascertained in a process of the 
invention by depolymerization of the hybridized nucleic 
acid to release identifier nucleotides and analyzing for the 
presence of those identifier nucleotides. 
0414. Such processes of the invention using circular 
probes contemplate three target Sequences: a predetermined 
nucleic acid Sample target, an amplification target and a 
detection target. A sequence complementary to the detection 
target is typically designed into the open circle probe. A 
proceSS contemplates that the detection target complement is 
not in the first region of the open circle probe (the 5'-terminal 
region), but is either in the Second or third region that will 
only be replicated if the open circle probe has been ligated 
to a closed circle primer. 
0415. In an alternative contemplated amplification step, 
an RNA transcription origin is located in the circular probe 
at a position upstream (in the 5' direction) of the closed circle 
probe relative to a region that is complementary to a 
detection target. Transcription from this origin occurs in the 
5' to 3’ direction of the transcript, which makes RNA 
complementary to the first region of the open circular 
transcript and then Stops unless the circle has been ligated. 
If the circle were ligated to a closed circular probe, then the 
RNA transcript will run around the circle and transcribe a 
region complementary to the detection target. No Stop 
codons should be in the region of the closed circular primer 
between the region complementary to the detection target 
and the transcription origin. 

0416) An embodiment of the invention contemplates a 
process to determine the presence or absence of a predeter 
mined single-Stranded nucleic acid target Sequence. Such a 
proceSS comprises the following StepS. 

0417. A nucleic acid target sequence can be RNA or 
DNA. Several methods are known in the art to obtain 
Single-Stranded nucleic acid. For example, the individual 
strands of double-stranded DNA can be separated by melting 
and one Strand removed from the composition by binding 
with a biotin-labeled probe and binding of that hybrid to 
Streptavidin-containing conjugate, and by other means well 
known in the art, Some of which are illustrated elsewhere 
herein. mRNA, on the other hand, is single-Stranded. A 
preferred process of the invention provides a means to 
analyze a total mRNA preparation for the presence of a 
Specific mRNA sequence within that mixture. 
0418 Areaction mixture is provided comprising a pair of 
complementary nucleic acid probes that form 3'-Overhangs 
on both ends of the duplex formed when hybridized with 
each other. The first of the probes is complementary to the 
nucleic acid target Sequence. The Second probe that is 
complementary to the first probe thus essentially has the 
Same Sequence as the nucleic acid target Sequence. 

0419) A probe can be RNA or DNA, and may include 
nucleotide analogs. Preferably, a probe is DNA. In the case 
of the detection of a specific mRNA, the probe is preferably 
DNA, and the depolymerizing enzyme is preferably a 
reverse transcriptase, such as MMLV RT. 
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0420. In some embodiments of the invention, it is pref 
erable that the 3'-terminal region of a probe hybridizes with 
total complementarity to the nucleic acid target Sequence. 
However, it is also contemplated to conduct an interrogation 
of the presence or absence of a particular base at an 
interrogation position within the target as described herein 
above. In Some embodiments of the invention, it is prefer 
able that the 3'-terminal region of a probe hybridizes with 
partial complementarity-even in the case of depolymeriza 
tion with an enzyme whose maximum activity is to release 
nucleotides from nucleic acid hybrid having totally comple 
mentarity. AS shown in Example 30, the intentional intro 
duction of a destabilizing base mismatch at one position 
enhances the discrimination between a match and mismatch 
at another position. 
0421. The first probe has an identifier nucleotide in its 
3'-terminal region. The Second probe can also contain an 
identifier nucleotide in its 3'-terminal region. The identifier 
nucleotide used depends on the desired method of analysis 
for released nucleotide, as discussed hereinabove. 
0422. A hybrid can form between a first probe and the 
nucleic acid target Sequence when the nucleic acid target 
Sequence is present in the nucleic acid Sample. Typically, a 
designed probe that can be the same or different from the 
first probe and is therefore referred to as the third probe can 
be added to a nucleic acid Sample and permitted to anneal to 
the designed probe to form a hybrid with the target nucleic 
acid Sequence. 
0423. The first reaction mixture also comprises a depo 
lymerizing amount of an enzyme whose activity is to release 
one or more nucleotides from a 3'-terminus of a hybridized 
nucleic acid. AS discussed hereinabove, the particular 
enzyme used is based on the Substrates to be depolymerized 
and the goals of the analysis. The first reaction mixture is 
Similar to the above-discussed depolymerization reaction 
mixtures as far as preferred Sample and enzyme concentra 
tions and other reaction conditions. 

0424 The first reaction mixture is maintained for a time 
period Sufficient to permit the enzyme to depolymerize 
hybridized nucleic acid to release an identifier nucleotide 
from the 3'-terminal region of the first probe, and form a 
treated reaction mixture. The general Step is discussed in 
greater detail hereinabove. In a contemplated proceSS where 
the original nucleic acid target is RNA, and the probe is 
DNA, the effect may be noticed that a DNA/DNA homo 
dupleX is depolymerized at a faster rate or to a greater extent 
than a DNA/RNA heteroduplex. This effect depends upon 
the enzyme and its relative affinity for various Substrates. 
0425 The treated first reaction mixture is denatured by 
Subjecting the treated reaction mixture to denaturing condi 
tions and maintaining the treated reaction mixture for a time 
period Sufficient to denature the nucleic acid hybrids and 
form a denatured treated reaction mixture. The precise 
conditions required for denaturation are a function of Several 
factors as is discussed hereinabove. 

0426 Preferably, the reaction will be heated to a tem 
perature of 90-95° C. for 2-5 minutes. 
0427. The denatured treated reaction mixture is subjected 
to annealing (hybridizing) conditions and maintained for a 
time period Sufficient to form a Second reaction mixture that 
comprises hybrids formed between the first probe and the 
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3'-terminal-depolymerized third nucleic acid probe. Because 
of the 3'-terminal depolymerization of the third probe, the 
hybrid formed with the first probe have one end that is blunt 
or that has a 5'-Overhang (i.e., lacks a 3'-Overhang on one end 
of the duplex). The hybrid formed between the first probe 
and a nucleic acid target Sequence when the nucleic acid 
target Sequence is present in the nucleic acid Sample also has 
a 5'-Overhang. 
0428 Further depolymerization as before provides a sec 
ond treated reaction mixture that contains a further quantity 
of identifier nucleotides in addition to those provided by the 
first depolymerization Step. That further quantity of identi 
fier nucleotides can be about twice the original amount So 
that the total identifier present is about three-times the 
original amount. 
0429 The second treated reaction mixture is analyzed for 
the presence of released identifier nucleotide to obtain an 
analytical output. The analytical output indicates the pres 
ence or absence of the Single-stranded nucleic acid target 
Sequence. 

0430. The first and third probes are preferably the same. 
Preferably, prior to analysis of the first reaction mixture to 
detect released identifier nucleotide, the denaturation, 
annealing and depolymerization Steps are repeated to further 
amplify the number of nucleic acid hybrids from which 
identifier nucleotides are released. 

0431. Not wishing to be bound by theory, it is theorized 
that in an above process, the first probe (that is complemen 
tary to the Single-stranded target) is depolymerized, either 
when it is hybridized to the initial Single Stranded nucleic 
acid target Sequence or when it is hybridized to its comple 
mentary probe Sequence. Thus, the effective concentration 
of target/probe hybrid increases linearly at each progressive 
cycle of depolymerization. Eventually, a first probe can 
become too short to hybridize effectively as more and more 
nucleotides are released from its 3'-terminus. 

0432 A related embodiment of the invention contem 
plates a process to determine the presence or absence of a 
predetermined double-Stranded nucleic acid target Sequence. 
A process differs from the Single-strand target process by (i) 
the presence of a double-Stranded nucleic acid target 
sequence and (ii) third and fourth probes hybridized to 
Separate Sequences of DNA that results in an exponential 
rise in the amount of identifier nucleotide rather than a linear 
rise as noted before. 

0433 AS with the single-strand target method, the first 
and third probes are preferably the same. Preferably, prior to 
analysis of the amplification reaction mixture to detect 
released identifier nucleotide, the denaturation, annealing 
and depolymerization StepS are repeated to further amplify 
the number of nucleic acid hybrids from which identifier 
nucleotides are released. 

0434. It should also be apparent that the single-strand or 
double strand method can also be carried out by addition of 
the first and Second probes after one has carried out a 
depolymerization reaction of a treated reaction mixture and 
before analysis of identifier nucleotides. Both methods are 
also particularly useful where a before-mentioned thermo 
Stable polymerase is used for depolymerization, as well as 
where a thermostable polymerase and a thermostable NDPK 
are used in a one-pot reaction. 
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0435 Assays. Using Hairpin Structures 
0436 Although it is preferred that the probes be con 
Structed to be free of hairpin Structures, assays in which 
hairpin Structures are constructed are also useful. An 
embodiment of the invention, Such as demonstrated in 
Example 50, contemplates use of a hairpin Structure for 
determining the presence or absence of a nucleic acid target 
Sequence in a nucleic acid Sample with a probe that is 
hybridized to the target and then modified to be able to form 
a hairpin Structure. This embodiment comprises the follow 
ing steps. 

0437. A treated sample is provided that contains a nucleic 
acid Sample that may include a nucleic acid target Sequence 
having an interrogation position. The target Sequence, if 
present in the nucleic acid Sample is hybridized with a 
nucleic acid probe. The probe is comprised of at least two 
Sections. The first Section contains the probe 3'-terminal 
about 10 to about 30 nucleotides. These nucleotides are 
complementary to the target Strand Sequence at positions 
beginning about 1 to about 30 nucleotides downstream of 
the interrogation position. The Second Section of the probe is 
located at the 5'-terminal region of the probe and contains 
about 10 to about 20 nucleotides of the target sequence. This 
Same Sequence, therefore, exists in both the target and the 
probe in the same 5' to 3' orientation. This Sequence Spans 
the region in the target from the nucleotide at or just 
upstream (5') of the interrogation position, to the nucleotide 
just upstream to where the 3'-terminal nucleotide of the 
probe anneals to the target. An optional third Section of the 
probe, from Zero to about 50, preferably from Zero to about 
20, nucleotides in length and comprising a sequence that 
does not hybridize with either the first or second section, is 
located between the first and Second Sections of the probe. 
0438. The probe of the treated sample is extended in a 
template-dependent manner, by admixture with dNTPs and 
a template-dependent polymerase, at least through the inter 
rogation position, thereby forming an extended probe/target 
hybrid. In a preferred embodiment, the length of the probe 
extension is limited by omission from the extension reaction 
of a DNTP complementary to a nucleotide of the target 
Sequence that is present upstream of the interrogation posi 
tion and absent between the nucleotide complementary to 
the 3'-end of the interrogation position. 
0439. The extended probe/target hybrid is separated from 
any unreacted dNTPs, i.e., purified at least to the degree 
needed to use the extended probe Strand to determine the 
presence or absence of the interrogation region in the Sample 
or the identity of the base at the interrogation position. The 
extended probe/target hybrid is denatured to Separate the 
Strands. The extended probe Strand is permitted to form a 
hairpin Structure. 
0440. It is preferred that the polymerase enzyme utilized 
for an extension reaction be a template-dependent poly 
merase that is free of activity that adds a 3'-terminal deoxy 
adenosine in a template-nonspecific manner. Thus, it is 
preferred to use other than a polymerase Such as Taq for a 
contemplated extension. 

0441. A treated reaction mixture is formed by admixing 
the hairpin Structure-containing composition with a depoly 
merizing amount of an enzyme whose activity is to release 
one or more nucleotides from the 3'-terminus of an extended 
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probe hairpin Structure. The reaction mixture is maintained 
under depolymerizing conditions for a time period Sufficient 
for the depolymerizing enzyme to release 3'-terminus nucle 
otides, and then analyzed for the presence of released 
identifier nucleotides. The analytical output indicates the 
presence or absence of the nucleic acid target Sequence. That 
analytical output can be determined as discussed elsewhere 
herein. 

0442 Astill further embodiment of the invention, such as 
that termed REAPERTM and demonstrated in Example 89 
and FIG. 2, also contemplates use of hairpin Structures in 
determining the presence or absence of a nucleic acid target 
Sequence, or a specific base within the target Sequence, in a 
nucleic acid Sample, and comprises the following Steps. A 
treated Sample is provided that contains a nucleic acid 
Sample that may include a nucleic acid target Sequence 
hybridized with a first nucleic acid probe strand (FIG. 2A). 
0443) The hybrid is termed the first hybrid. The first 
probe is comprised of at least two Sections. The first Section 
contains the probe 3'-terminal about 10 to about 30 nucle 
otides that are complementary to the target nucleic acid 
Sequence at a position beginning about 5 to about 30 
nucleotides downstream of the target interrogation position. 
The second section of the first probe contains about 5 to 
about 30 nucleotides that are a repeat of the target Sequence 
from the interrogation position to about 10 to about 30 
nucleotides downstream of the interrogation position, and 
does not hybridize to the first section of the probe. That is, 
the Second Sequence is a repeat of the region in the target 
Sequence from the interrogation position downstream to the 
position where the 3'-terminal nucleotide of the first probe 
aligns with the target. An optional third Section of the probe, 
located between the first and Second Sections of the probe, 
is zero to about 50, preferably to about 20, nucleotides in 
length and comprises a Sequence that does not hybridize to 
either the first or Second Section. 

0444 The first hybrid in the treated sample is extended at 
the 3'-end of the first probe, thereby extending the first probe 
past the interrogation position and forming an extended first 
hybrid (FIG. 2B) whose sequence includes an interrogation 
position. The extended first hybrid is comprised of the 
original target nucleic acid and extended first probe. The 
extended first hybrid is then denatured in an aqueous com 
position to Separate the two nucleic acid Strands of the 
hybridized dupleX and form an aqueous Solution containing 
a separated target nucleic acid and a separated extended first 
probe. 

0445) A second probe, that is about 10 to about 2000, 
more preferably about 10 to about 200, most preferably 
about 10 to about 30 nucleotides in length and is comple 
mentary to the extended first probe at a position beginning 
about 5 to about 2000, preferably about 5 to about 200, 
nucleotides downstream of the interrogation position in 
extended first probe, is annealed to the extended first probe, 
thereby forming the second hybrid (FIG. 2C). The second 
hybrid is extended at the 3'-end of the second probe until that 
extension reaches the 5'-end of the extended first probe, 
thereby forming a second extended hybrid (FIG. 2D) whose 
3'-region includes an identifier nucleotide. 
0446. It is preferred that the polymerase enzyme utilized 
for an extension reaction be a template-dependent poly 
merase that is free of activity that adds a 3'-terminal deoxy 
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adenosine in a template-nonspecific manner. Thus, it is 
preferred to use other than a polymerase Such as Taq for a 
contemplated extension. 
0447. An aqueous composition of the extended second 
hybrid is denatured to Separate the two nucleic acid Strands, 
i.e., the extended Second probe and the extended first probe. 
The aqueous composition So formed is cooled to form a 
"hairpin Structure' from the Separated extended Second 
probe (FIG. 2E) when the target sequence is present in the 
original nucleic acid Sample. Thus, when the target Sequence 
is present in the original nucleic acid Sample, the 3'-terminal 
Sequence of the Second extended probe in the Second 
extended hybrid hybridizes with the sequence of the second 
extended probe from a region comprising the interrogation 
position and nucleotides downstream from the interrogation 
position of Second extended probe to the nucleotide position 
where the 3'-terminal nucleotide of the original (first-named) 
probe annealed to the original target. 

0448. A treated reaction mixture is formed by admixing 
the hairpin Structure-containing composition with a depoly 
merizing amount of an enzyme whose activity is to release 
one or more nucleotides from the 3'-terminus of a nucleic 
acid hybrid. The reaction mixture is maintained under depo 
lymerizing conditions for a time period Sufficient to release 
3'-terminal region identifier nucleotides, and then analyzed 
for the presence of released identifier nucleotides. The 
analytical output indicates the presence or absence of the 
nucleic acid target Sequence. Again, the analytical output 
can be determined by one of the Several methods discussed 
elsewhere herein. 

0449 AS was the case in the previous embodiment, 
dNTPs are utilized in the extension reactions. It is preferred 
that the hairpinstructures be separated from the dNTPs prior 
to depolymerization to enhance the analysis for the identifier 
nucleotide. 

0450 Kits 
0451. Other embodiments of the invention contemplate a 
kit for determining the presence or absence of a predeter 
mined nucleic acid target Sequence in a nucleic acid Sample. 
Such a kit comprises an enzyme whose activity is to release 
one or more nucleotides from the 3' terminus of a hybridized 
nucleic acid probe and at least one nucleic acid probe, Said 
nucleic acid probe being complementary to nucleic acid 
target Sequence. The kit optionally further comprises a 
nucleoside diphosphate kinase. Preferably, the nucleoside 
diphosphate kinase is that encoded by PyrococcuS furiosis. 
The kit optionally further comprises instructions for detect 
ing Said nucleic acid by depolymerization. Preferably the 
enzyme whose activity is to release nucleotides in the kit is 
a template dependent polymerase that, in the presence of 
pyrophosphate ions, depolymerizes hybridized nucleic acids 
whose bases in the 3'-terminal region are matched with total 
complementarity. Alternatively, the enzyme whose activity 
is to release nucleotides in the kit exhibits a 3' to 5' 
exonuclease activity, depolymerizing hybridized nucleic 
acids having one or more mismatched bases at the 3' 
terminus of the hybridized probe. 

0452. It is to be understood that such a kit is useful for 
any of the methods of the present invention. The choice of 
particular components is dependent upon the particular 
method the kit is designed to carry out. Additional compo 
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nents can be provided for detection of the analytical output, 
as measured by the release of identifier nucleotide, or by 
detection of the remaining probe after depolymerization. For 
example, ethidium bromide can be provided in the kits of the 
invention for detection of a probe that has had identifier 
nucleotide released from the 3'-terminal region. 
0453 The instructions present in such a kit instruct the 
user on how to use the components of the kit to perform the 
various methods of the present invention. These instructions 
can include a description of the detection methods of the 
invention, including detection by luminescence Spectros 
copy, mass spectrometry, fluorescence spectroscopy, and 
absorbance spectroScopy. 

0454. In another embodiment, the invention contem 
plates a kit for determining the presence or absence of at 
least one predetermined nucleic acid target Sequence in a 
nucleic acid Sample comprising the following components: 
an enzyme whose activity in the presence of pyrophosphate 
is to release identifier nucleotide as a nucleoside triphos 
phate from hybridized nucleic acid probe; adenosine 5' 
diphosphate, pyrophosphate, a nucleoside diphosphate 
kinase; and at least one nucleic acid probe, wherein the 
nucleic acid probe is complementary to the predetermined 
nucleic acid target Sequence. 
0455 Preferably, the enzyme whose activity in the pres 
ence of pyrophosphate is to release identifier nucleotides is 
Selected from the group consisting of the Tne triple mutant 
DNA polymerase, Klenow exo-, Klenow, T4 DNA poly 
merase, Ath DNA polymerase, Taq DNA polymerase and 
Tvu DNA polymerase. Preferably, the nucleoside diphos 
phate kinase is that encoded by PyrococcuS furiosis. 
0456. The kit optionally comprises instructions for use. 
0457. In another embodiment, the invention contem 
plates a kit for determining the presence or absence of a 
predetermined nucleic acid target Sequence in a nucleic acid 
Sample comprising an enzyme whose activity is to release 
one or more nucleotides from the 3' terminus of a hybridized 
nucleic acid probe and instructions for use. Such a kit 
optionally comprises a nucleoside diphosphate kinase. Pref 
erably, the nucleoside diphosphate kinase is that encoded by 
Pyrococcus furiosis. The kit further optionally comprises a 
nucleic acid probe complementary to the predetermined 
nucleic acid target Sequence. 

0458 In other embodiments of the present invention, 
nucleic acid detection test kits are provided for performing 
a depolymerization method contemplated by this invention, 
and particularly a depolymerization detection method. 

0459. In one embodiment, the kit includes a vessel con 
taining an enzyme capable of catalyzing pyrophosphoroly 
sis, including, but not limited to Taq polymerase, Tne 
polymerase, Tne triple mutant polymerase, Tth polymerase, 
Tvu polymerase, Ath polymerase, T4 DNA polymerase, 
Klenow fragment, Klenow exo minus, E. coli DNA poly 
merase I, AMV reverse transcriptase, MMLV reverse tran 
Scriptase, or poly(A) polymerase. In another embodiment, 
the kit contains a vessel that contains an exonuclease Such as 
S1 nuclease, nuclease BAL 31, mung bean nuclease, eXo 
nuclease III and ribonuclease H. 

0460 Either of the above enzyme types is utilized in a 
contemplated method in a depolymerizing effective amount. 
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That is, the enzyme is used in an amount that depolymerizes 
the hybridized probe to release an identifier nucleotide. This 
amount can vary with the enzyme used and also with the 
temperature at which depolymerization is carried out. An 
enzyme of a kit is typically present in an amount of about 0.1 
to 100 U/reaction; in particularly preferred embodiments, 
the concentration is about 0.5 U/reaction. An amount of 
enzyme Sufficient to carry out at least one assay, with its 
controls is provided. 
0461. As noted elsewhere, the preferred analytical output 
for determining the presence or absence of identifier nucle 
otide is luminescence caused by the reaction of ATP with 
luciferin in the presence of luciferase. A kit containing a 
pyrophosphorylation enzyme for use in DNA detection 
using luminescence also preferably includes a vessel con 
taining NDPK and a vessel containing ADP. Similarly, a kit 
containing an exonuclease enzyme for use in DNA detection 
using luminescence also preferably includes a vessel con 
taining PRPP synthetase and a vessel containing ADP. The 
NDPK or PRPP synthetase is provided in concentration of 
about 0.01 to 100 U/reaction, preferably about 0.1 to about 
1.0 U/reaction. 

0462 Preferably, these reagents, and all of the reagents 
utilized in the kits discussed herein, are free of contaminat 
ing ATP and adenylate kinase. Some of the contaminants can 
be removed from the enzymes by dialysis treatment. 
0463 Optionally, the kit contains vessels with reagents 
for amplification of dNTPs or NTP to ATP Amplification 
reagents include, but are not limited to pyruvate kinase, 
adenylate kinase, NMPK, NDPK, AMP (e.g., as the ampli 
fication enzymes and substrate), and dCTP or AMP-CPP 
(e.g., as high-energy phosphate donors). In particularly 
preferred embodiments, the kit can be packaged in a single 
enclosure including instructions for performing the assay 
methods. In Some embodiments, the reagents are provided in 
containers and are of a Strength Suitable for direct use or use 
after dilution. In alternative preferred embodiments, a stan 
dard Set can also be provided in order to permit quantifica 
tion of results. In yet other preferred embodiments, test 
buffers for optimal enzyme activity are included. 
0464) In yet other embodiments, a contemplated kitcom 
prises a nuclease, PRPP synthetase, PRPP, NDPK, and ADP 
together with luciferase and luciferin. In preferred embodi 
ments, the nuclease is provided in a concentration of about 
1 to 500 U/reaction; in particularly preferred embodiments 
at a concentration of about 20 U/reaction. In a particularly 
preferred embodiment, the PRPP synthetase is provided in 
concentration of about 0.01 U/reaction to 10 U/reaction, 
preferably about 0.1 U/reaction. In some preferred embodi 
ments, the kit includes all these reagents with luciferase and 
luciferin being provided as a Single reagent Solution. 

0465. In other preferred embodiments, these reagents 
include, but are not limited to, a high energy phosphate 
donor which cannot be utilized by luciferase, preferably 
dCTP, and AMP together with luciferase and luciferin. In 
alternative preferred embodiments, the kit includes all these 
reagents with luciferase and luciferin being provided in the 
Same Solution. 

0466 In still further embodiments of the present inven 
tion, the kits described above can contain a probe or probes 
for probe-mediated Specific nucleic acid detection. In Some 
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embodiments, the kit contains at least one nucleic acid probe 
for a nucleic acid target of interest. In other embodiments, 
the kits contain multiple probes, each of which contain a 
different base at an interrogation position or which are 
designed to interrogate different target DNA sequences. 
0467. In each of the embodiments, the kits contain 
instructions for use in interrogating the identity of a specific 
base within a nucleic acid target, for discriminating between 
two homologous nucleic acid targets that differ by one or 
more base pairs, or for determining whether a nucleic acid 
target contains a deletion or insertion mutation. The types of 
nucleic acid probes that can be included in the kits and their 
uses are described in greater detail below. 

EXAMPLE 1. 

Comparison of Signal Strengths. During Allele 
Determination Using Probes that Interrogate the 
Same DNA Strand Versus Probes that Interrogate 

Different Strands 

0468 Because DNA normally exists in a eukaryotic 
genome as a double-Stranded polymer; in theory, allele 
discrimination could be performed by: 
0469 A) using probes that are essentially identical in 
Sequence (except for an allele discriminating base) and that 
hybridize to the same DNA strand; or 
0470 B) using two probes that hybridize to different 
strands of DNA but match the sequence of only one allele of 
the gene at a position where the genotype is to be deter 
mined. 

0471. In this example, a comparison is made of the signal 
Strengths of these two types of probes in distinguishing a 
Single nucleotide polymorphism (SNP) target nucleic acid 
provided as a homozygous target for any known allele or as 
a heterozygous target containing different alleles. 
0472 Oligonucleotide PH1 (SEQ ID NO: 1) is a probe 
that encodes a Segment of the human prohibitin gene where 
SNP exists; it matches the “C” allele. Oligonucleotide PH2 
(SEQ ID NO:2) is a probe that encodes the same segment of 
the human prohibitin gene but it differs in one base from 
PH1 and matches the “T” allele. These two oligonucleotides 
hybridize to the same strand of a target DNA. Oligonucle 
otide PH4 (SEQID NO:3) is a probe that encodes a segment 
of the human prohibitin gene where the SNP defined by PH1 
and PH2 exists, however this probe is made to hybridize to 
the other target strand than that to which PH1 and PH2 
hybridize. 

0473 Oligonucleotides PH5 (SEQ ID NO:4) and PH6 
(SEQID NO:5), when annealed together, are a double strand 
segment of DNA (PH5+6), and each strand is larger than 
PH1, PH2 or PH4. PH5 and PH6 encode a larger region of 
the human prohibitin gene, and match the “C” allele. This 
double-stranded target was produced by dissolving PH5 and 
PH6 in water to a concentration of 1 mg/mL, mixing equal 
Volumes of these Solutions together, heating the mixture to 
95 C. for 5 minutes and then cooling to room temperature 
over a period of an hour. 
0474) Oligonucleotides PH7 (SEQ ID NO:6) and PH8 
(SEQ ID NO:7) form a double strand DNA segment (PH7+ 
8) identical in sequence to PH5+6 except that it contains the 
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“T” allele of the gene. This double-stranded DNA was 
produced as described above. An equal mass mixture of the 
double-Stranded target nucleic acids produced a mixed 
Sample with equal amounts of the two alleles, as exists for 
Samples heterozygous for these alleles. 

0475 PH1, PH2 and PH4 were dissolved in water to a 
concentration of 1 mg/mL. PH5+6 and PH7+8 were also 
diluted to 1 lug/mL in water. Equal volumes of the double 
Stranded DNA target Segments were diluted and mixed to 
produce a mixture containing equal amounts of both alleles. 
This solution was labeled PH(5+6)+(7+8). The following 
Solutions were assembled. 

PH (5 + 
6) + 

Soln PH1 PH2 PH4 PH5+ 6 PH7+ 8 (7+8) Water 

#1 20 uL 
#2 1 it 9 uL 
#3 1 it - 9 uL 
#4 - 1 itL 9 uL 
#5 1 it 9 uL 
#6 1 itL 9 uL 
#7 1 itL 9 uL 
#8 1 it 1 it 8 it 
#9 1 it - 1 it 8 it 
#10 1 it 1 itL 8 it 
#11 1 it - 1 itL 8 it 
#12 1 it 1 itL 8 uL 
#13 1 it - 1 itL 8 it 
#14 1 it 1 it 8 it 
#15 - 1 itL 1 it 8 it 
#16 1 it 1 itL 8 it 
#17 - 1 itL 1 itL 8 it 
#18 1 it 1 itL 8 it 
#19 - 1 itL 1 itL 8 it 

0476. These solutions were heated to 95°C. for 5 minutes 
then permitted to cool at room temperature for 10 minutes. 
The following master mix was assembled and mixed. 

Component Amount 

10x DNA Pol Buffer 200 uL 
(Promega, M195A) 
Klenow exo- (1 UEuL) 12.5 uL 
(Promega M218B) 
40 mM Sodium Pyrophosphate 25 uL 
(Promega C35OB) 
NDPK (1 UuL) 10 uL 
10 uM ADP (Sigma A5285) 20 uL 
Water 732.5 uL 

0477 Twenty microliters of this master mix were added 
to Solutions 1-19 above after cooling at room temperature 
for 10 minutes and the resulting mixtures were heated at 37 
C. for 15 minutes. After this incubation, duplicate 4 till 
Samples of each of Solutions 2-19 and a single 4 till Sample 
of solution 1 were removed and added to 100 till L/L reagent 
(Promega, F202A) and the light produced by the reaction 
was measured immediately using a Turner(RTD20/20 lumi 
nometer. The following results were obtained. 
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Relative light units 

Solution Reading 1 Reading 2 Avg. 

#1 5.03 
#2 6.83 4.85 5.84 
#3 14.O 13.8 13.9 
#4 8.52 8.94 8.73 
#5 8.24 8.98 8.61 
#6 6.31 6.40 6.36 
#7 5.40 5.30 5.35 
#8 371.8 472.7 422.3 
#9 18.8 2O.9 19.9 
#10 260.9 257.9 259.4 
#11 396.5 4O16 399.1 
#12 9.07 9.31 9.19 
#13 567.5 536.5 552.O 
#14 38O.O 408.7 394.4 
#15 54.77 46.36 50.6 
#16 216.7 220.3 218.5 
#17 55.43 125.O 90.2 
#18 9.25 9.56 9.4 
#19 114.O 125.O 119.5 

0478. The net relative light values for the data above 
were calculated as follows. The ratios reported in this 
example were determined by first averaging the results from 
matching Samples, then determining the net light production 
from the matching and mismatching Samples and dividing 
the net light production from the matching reaction by that 
Seen in the mismatch reaction. The net light production was 
determined by Subtracting the estimated light contribution 
from the probes and template present in the reactions from 
the total light produced. The light production from the 
template reaction was considered to be the total of that 
contributed from the template Specifically and that contrib 
uted by contaminating ATP from various components. The 
net increase from the probes alone was calculated by Sub 
tracting the average “No DNA” values from the probe 
values Since this Subtracts the contributions from contami 
nating ATP from the probe values. Thus, the formula used to 
determine the net light production from the reactions was: 

Net Light=Total light-(target alone)+(probe alone 
No DNA) 

0479. These values were used to determine the signal 
ratio by dividing the signal from the “C” allele probe by the 
signal from the “T” allele probe. The calculated values are 
shown below. 

Probes Interrogate the 
Same DNA strand 
Template Genotype 

Probes Interrogate 
Different DNA Strands 
Template Genotype 

Probe C/C C/T T/T C/C C/T T/T 

C Probe 412.9 252.2 3.6 C Probe 385 2113 3.8 
T Probe O 388.9 537.7 T Probe 38.3 80.1 110.4 
Ratio >400 1.54 .006 Ratio 1O 2.6 O.O34 

0480. These data indicate that very different detection 
ratios are calculated from both sets of probes but that the 
Signal ratioS from the different target genotypes are easily 
distinguished from each other. In addition, the “T” allele 
probe PH2 gave a relatively low light signal in the absence 
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of nucleic acid target using the low Klenow exo- additions 
employed in this example. If Such manipulations were not 
used, the light Signal from the probe alone would be a large 
contribution to the total Signal of the Samples containing the 
probe, making Sensitive allele discrimination more difficult. 

PH1 

5' CTGAACATGCCTGCCAAAGACG 3' SEQ ID NO : 1 

PH2 

5' CTGAACATGCCTGCCAAAGATG 3' SEQ ID NO : 

PH4 

5' CAGGAACGTAGGTCGGACACAT 3' SEQ ID NO:3 

PH5 

5' CTGCTGGGGCTGAACATGCCTGCCAAAGACGTGTCC SEQ ID NO : 4 

GACCACGTTCCTGGCCCCCTCGAGC 3' 

PH6 

5' CGAGGGGGCCAGGAACGTAGGTCGGACACGTCTTTG SEQ ID NO : 

GCAGGCATGTTCAGCCCCAGCAGAGCT 3' 

PH7 

5' CTGCTGGGGCTGAACATGCCTGCCAAAGATGTGTCC SEQ ID NO : 6 

GACCACGTTCCTGGCCCCCTCGAGC 3' 

PH8 

5' CGAGGGGGCCAGGAACGTAGGTCGGACACATCTTTG SEQ ID NO: 7 

GCAGGCATGTTCAGCCCCAGCAGAGCT 3' 

EXAMPLE 2 

Reduction of Probe-Alone Background Values for 
Probes Designed to Interrogate a Viral Sequence 

0481. In this example, the background light values from 
probe-alone reactions are reduced by alteration of reaction 
conditions. More Specifically, the values from Such back 
ground reactions are reduced by lowering the Klenow eXo 
level in the reactions as shown in Example 43. In addition, 
the probes are used to assay the relative probe Signal Strength 
values for probes that hybridize to the same DNA strand 
versus probes that hybridize to different strands but that 
interrogate the same nucleotide polymorphism Site. 
0482) Oligonucleotides CV11 (SEQ ID NO:8) and CV12 
(SEQ ID NO:9) are a pair of single-stranded DNAS that can 
hybridize together to produce a Segment of the genome of 
cytomegalovirus (CMV) in a form sensitive to the drug 
gancyclovir. Oligonucleotides CV13 (SEQ ID NO:10) and 
CV14 (SEQ ID NO:11) are a pair of single-stranded DNAS 
that can hybridize together to produce the Same Segment of 
the CMV genome, but differ from CV11 and CV12 in that 
they contain a SNP that represents a form of the virus 
resistant to the drug gancyclovir. 

0483 Probe oligonucleotide CV15 (SEQ ID NO:12) can 
hybridize with exact homology to a segment of CV12. Probe 
oligonucleotide CV16 (SEQ ID NO:13) is identical to CV15 
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except that it contains a one base change from the CV15 
sequence at the site of the SNP that confers drug resistance 
to the virus. Probe oligonucleotide CV17 (SEQ ID NO:14) 
can hybridize with exact homology to CV11. Probe oligo 
nucleotide CV18 (SEQ ID NO:15) is identical to CV17 
except that it contains a one base change from the CV17 
sequence at the site of the SNP that confers drug resistance 
to the virus. 

0484. The oligonucleotides above were dissolved in 
water at a concentration of 1 mg/mL and the following 
Solutions were assembled. 

Solution Oligonucleotide Water 

#1 20 uL 
#2 CV15, 1 uL 19 uL 
#3 CV16, 1 uL 19 uL 
#4 CV17, 1 uL 19 uL 
#5 CV18, 1 uL 19 uL 

0485 These solutions were heated at 95° C. for 5 min 
utes, then cooled at room temperature for 10 minutes. A 
master mix was prepared as in Example 1, containing 
Klenow exo-at a concentration of 0.25 U/20 till of solution. 
Twenty microliters of this solution were added to solutions 
1-5 above after they had cooled, and then the resulting 
mixtures were heated at 37 C. for 15 minutes. After this 
incubation, 4 till of each solution were added to 100 L of 
L/L reagent (Promega F202A) and the light production of 
the resulting Solution was measured immediately using a 
Turner(RTD 20/20 luminometer. The following results were 
obtained. 

Solution sampled Relative light units 

#1 13.07 
#2 14.98 
#3 1427 
#4 28.25 
#5 583.70 

0486 These results demonstrate that probes CV15-CV17 
provide relatively low probe-alone light signals at 0.25 U 
Klenow exo- per reaction but that probe CV18-alone pro 
vides a very high relative light Signal. The Sequence of the 
CV18 probe can form a hairpin structure such that the 
terminal 3' bases hybridize to the sequence 5'TCGTGC 3' 
further towards the 5' end of the segment. Although probe 
CV17 could form the same structure, the terminal 3' base of 
the resulting structure would have a mispaired base. 
0487. These data exemplify one of the guiding principles 
of appropriate probe design for this System: the probes 
should not be predicted to form Stable hairpin Structure and, 
in particular, should not be predicted to give Such a structure 
with the 3' end of the probe producing a structure that forms 
a blunt end or 5' overhang in the fragment as they may act 
as a Substrate for the depolymerizing enzyme. In addition, 
the probes used should not be predicted to form probe dimer 
Structures with either blunt ends or 5' overhanging ends 
because Such probes can produce high probe-alone signals in 
the System and might make them unacceptable for use. 
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0488. Due to their low background, probes CV15-CV17 
were then selected for further study. Equal volumes of 
oligonucleotides CV11 and CV12 were annealed together as 
described in Example 1, as were CV13 and 14. The annealed 
Solutions of CV11 and CV12, and CV13 and CV14 were 
labeled CV11+12 and CV13+14, respectively. The follow 
ing Solutions were assembled. 

CV(11 + 
12) + 

CV13 (13 + 14) 
So- CV11 + + Heterozyg 
ution CV1S CV16 CV17 12 14 Template Water 

#1 20 uL 
#2 1 it 9 uL 
#3 1 itL 9 uL 
#4 1 it 9 uL 
#5 1 itL 9 uL 
#6 1 itL 9 uL 
#7 1 itL 9 uL 
#8 1 it 1 itL 8 it 
#9 1 itL 1 itL 8 it 
#10 1 it 1 itL 8 it 
#11 1 itL 1 itL 8 it 
#12 1 it 1 itL 8 it 
#13 1 itL 1 itL 8 it 
#14 1 it 1 itL 8 it 
#15 1 it 1 itL 8 it 
#16 1 it 1 itL 8 it 
#17 1 it 1 itL 8 it 
#18 1 it 1 itL 8 it 
#19 1 it 1 itL 8 it 

0489. These solutions were heated at 95°C. for 5 minutes 
and then permitted to cool for 10 minutes at room tempera 
ture. A master mix Solution was assembled as in Example 1 
containing Klenow exo- at a final concentration of 0.25 
U/20 till. After solutions 1-19 had cooled, 20 till of the 
master mix Solution were added and the resulting Solution 
heated at 37 C. for 15 minutes. After this incubation, 
duplicate 4tt Samples of Solutions 2-19 and a Single Sample 
of solution 1 were taken, added to 100 till of L/L reagent 
(Promega, F202A) and the light production of the mixture 
measured immediately using a Turner(RTD 20/20 luminom 
eter. The following results were obtained. 

Relative light units 

Solution Reading 1 Reading 2 

#1 10.53 
#2 11:35 12.16 
#3 10.79 12.75 
#4 17.70 16.76 
#5 12.78 1112 
#6 11.36 11.48 
#7 12.38 12.16 
#8 3483 369.3 
#9 73.11 74.48 

#10 289.5 283.6 
#11 SO9.8 364.O 
#12 120.2 108.6 
#13 785.4 595.7 
#14 764.3 763.3 
#15 77.25 73.22 
#16 530.9 541.2 
#17 476.1 419.6 
#18 3394 262.7 
#19 943.2 964.O 
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0490 The results from the readings above were averaged 
and the net light units calculated as described in Example 1. 
These values were used to calculate ratioS also as described 
in Example 1. The results of these calculations are presented 
in the tables below, wherein “WT indicates the wild type 
genotype. 

Probes Interrogate the Same 
DNA Strand 

Template Genotype 

Probes Interrogate Different 
DNA Strands 

Template Genotype 

Probe C/C C/T T/T CfC C/T T/T 

WT Probe 345.5 274.O 100.8 WT Probe 745.1 518.0 282.1 
(CV15) (CV15) 
Mutant 60.5 424.3 677 Mutant 61.9 435.O. 940 
Probe Probe 
(CV16) (CV17) 
Ratio 5.7 1.5 0.15 Ratio 12 1.2 O.33 

0491. These data demonstrate that, for this particular 
SNP, probes that detect the polymorphism that bind to 
different Strands provide the Signal ratio closest to 1.0 when 
both nucleic acid targets are present in the reaction (as 
occurs for Samples heterozygous for a particular allele). 
However either Set of probes give clearly different signals 
depending upon the genotype of the Sample DNA. 

CW11 

5' CGCTTCTACCACGAATGCTCGCAGACCATGCTGCACGAATACGTCAGAAAG 

AACGTGGAGCGTCTGTTGGAGCT 3' 

CW12 

5 'CCAACAGACGCTCCACGTTCTTTCTGACGTATTCGTGCAGCATGGTCTGCG 

AGCATTCGTGGTAGAAGCGAGCT 3' 

5' CGCTTCTACCACGAATGCTCGCAGATCATGCTGCACGAATACGTCAGAAA 

GAACGTGGAGCGTCTGTTGGAGCT 3' 

CW14 

5 'CCAACAGACGCTCCACGTTCTTTCTGACGTATTCGTGCAGCATGATCTGCG 

AGCATTCGTGGTAGAAGCGAGCT 3' 

5' CTACCACGAATGCTCGCAGAC 3' 

5' CTACCACGAATGCTCGCAGAT 3' 

5' TGACGTATTCGTGCAGCATGG 3' 

5' TGACGTATTCGTGCAGCATGA 3' 

EXAMPLE 3 

Multiplex Analysis of Alleles at One Interrogation 
Site 

0492 For a wide variety of genetic disorders, only a very 
Small percentage of Samples will have a particular Single 
nucleotide polymorphism (SNP) at any one site. For this 
reason, it can be much more efficient in these cases to Screen 
for the presence of groups of mutant alleles and to perform 
Secondary, Single probe tests only if there is a positive signal 
for any of the probes designed to detect the mutant Sites. 
Such a form of multiplex analysis will be performed in this 
example. 
0493 Multiple probes designed to detect a mutant form 
of a gene in the CMV genome are used in one reaction and 
the Signal from this reaction is compared to that from a probe 
that is Specific for the non-mutated Sequence. In this 
example, the SNP sites are separated by only one base and 
the alleles are provided as pure nucleic acid target Species. 
0494 Oligonucleotides CV19 (SEQ ID NO:16) and 
CV20 (SEQ ID NO:17) encode a segment of the CMV 
genome around position 1784 of the viral genome and these 
probes encode the non-mutant form of a gene. Oligonucle 
otides CV21 (SEQ ID NO:18) and CV22 (SEQ ID NO:19) 
encode the same genome segment as CV19 and CV20 but 
encode a form of the gene where a Leucodon in the encoded 
protein is altered to encode a Ser codon. 

SEQ ID NO : 8 

SEQ ID NO: 9 

SEQ ID NO : 10 

SEQ ID NO : 11 

SEQ ID NO : 12 

SEQ ID NO : 13 

SEQ ID NO : 14 

SEQ ID NO : 15 
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0495 Oligonucleotides CV23 (SEQ ID NO:20) and 
CV24 (SEQ ID NO:21) also encode the same genome 
segment as CV 19 and CV20, but these oligonucleotides 
encode a form of the genome where the same Leucodon 
mutated in CV21 and CV22 is altered to a Phe codon. These 
oligonucleotides are used here as target nucleic acids for 
interrogation in this example. 

0496 Oligonucleotide probe CV25 (SEQ ID NO:22) 
exactly matches a region of CV19 and is designed to detect 
the non-mutated form of the gene. Oligonucleotide probe 
CV26 (SEQ ID NO:23) exactly matches a segment within 
CV21 and is designed to detect the version of the gene where 
the Leucodon has been mutated to a Ser codon. Oligonucle 
otide probe CV27 (SEQ ID NO:24) exactly matches a 
Segment within CV24 and is designed to detect the version 
of the target where the Leucodon has been mutated to a Phe 
codon. 

0497. The target nucleic acid pairs CV19 and CV20, 
CV21 and CV22, and CV23 and CV24 were dissolved at 1 
mg/mL in water, annealed as described in Example 1, and 
Subsequently diluted to 3.3 tug/mL with water. The probes 
CV25, CV26 and CV27 were dissolved at 1 mg/mL in water. 
0498. The following solutions were assembled. 

(19 + (21 + CV 
Solution 20) 22) (23 + 24) CV25 CV26 CV27 Water 

#1 and #2 1 itL 1 itL - 18 uL 
#3 and #4 1 itL - 1 itL 1 it 17 it 
#5 and #6 1 itL 1 itL - 18 uL 
#7 and #8 1 itL - 1 itL 1 it 17 it 
#9 and #10 1 it 1 itL - 18 uL 
#11 and #12 1 it - 1 itL 1 it 17 it 

0499. These solutions were heated at 95° C. for three 
minutes then cooled at room temperature for 10 minutes. 
0500 The following master mix was assembled and 
mixed. 

Component Volume 

10 x DNA Polymerase Buffer 60 uL 
(Promega, M195A) 
40 mM Sodium Pyrophosphate 7.5 uL 
(Promega, C350B) 
Klenow exo- (10 UEuL) 7.5 uL 
(Promega, M218B) 
NDPK (1 UuL) 3 utL 
10 uM ADP 6 itL 
Water 216 uL 

CW19 

5' CTCTTTAAGCACGCCGGCGCGGCCTGCCGCGCGTTGGAGAACGGCAAGCTC 

ACGCA 3' 
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0501. After solutions 1-12 had cooled at room tempera 
ture, 20 till of this master mix were added to each Solution, 
and the solutions were heated to 37 C. for 15 minutes. After 
this heating Step, a 4 till Sample of each Solution was added 
to 100 ul L/L reagent (Promega, F202A) and the light 
produced by the resulting reaction was read immediately 
using a Turner(R) TD 20/20 luminometer. The following 
results were obtained. 

Solution samples Relative Light Units 

#1 115.7 
#2 120.9 
#3 20.85 
#4 2010 
#5 9.99 
#6 9.41 
#7 102.4 

#8 95.2 
#9 12.56 

#10 12.54 
#11 240.3 

#12 238.9 

0502. The results from the duplicate solutions were aver 
aged and are presented in the table below. 

Average Signal from Probe Types 

Nucleic Wild Type Mutant Probes 
Acid Target Probe Multiplexed Ratio 

Wild Type 118.3 20.48 5.78 
Target 
Leu to Ser 9.7 98.8 O.10 
Target 
Leu to Phe 12.6 239.6 O.05 
Target 

*Ratio is determined by dividing the signal from the wild type probe by 
the signal from the multiplexed mutant probes. 

0503) These data show that the use of both mutant probes 
in one reaction permits either probe to give a signal if the 
appropriate target is added to the reaction. The Signal ratioS 
produced by the probes designed to detect the mutant target 
when either probe matches the target are significantly dif 
ferent than from when the wild type target is used with the 
wild type probe. Thus, comparison of the Signals as 
described above permits the user to know that a mutation is 
present in the tested target at either of the interrogation sites. 

SEQ ID NO: 16 

5 "CAGCAGTGCGTGAGCTTGCCGTTCTCCAACGCGCGGCAGGCCGCGCCGGCG SEQ ID NO: 17 
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- continued 
TGCTT 3' 

5' CTCTTTAAGCACGCCGGCGCGGCCTGCCGCGCGTCGGAGAACGGCAAGCTC 

ACGCA 3' 

5 "CAGCAGTGCGTGAGCTTGCCGTTCTCCGCGCGCGGCAGGCCGCGCCGGCGT 

GCTT 3" 

5' CTCTTTAAGCACGCCGGCGCGGCCTGCCGCGCGTTTGAGAACGGCAAGCTC 

ACGCA 3' 

5 "CAGCAGTGCGTGAGCTTGCCGTTCTCAAACGCGCGGCAGGCCGCGCCGGCG 

TGCTT 3' 

CW25 

5' GGCGCGGCCTGCCGCGCGTTG 3' 

CW26 

5' GGCGCGGCCTGCCGCGCGTCG 3' 

CW 27 

5' GCGTGAGCTTGCCGTTCTCCG 3' 

EXAMPLE 4 

Multiplexed Genome Analysis on Multiple 
Templates 

0504 For a wide variety of genetic disorders, only a very 
Small percentage of Samples exhibit a particular Single 
nucleotide polymorphism at any one Site. For this reason, it 
can be more efficient in these cases to Screen for the presence 
of groups of mutant alleles and to perform Secondary, Single 
probe tests only if there is a positive signal for any of the 
probes designed to detect the mutant Sites. Such a form of 
multiplex analysis will be performed in this example. 
0505) Multiple probes designed to detect a mutant form 
of two different target genes are used in one reaction, and the 
Signal from this reaction is compared to that from a probe 
that is Specific for one of the non-mutated Sequences. Thus, 
in this example, multiple SNP Sites on multiple targets are 
interrogated in one reaction. 
0506 The targets and probes used in this study are: 
FV(1+2) (SEQ ID NO:25 and SEQID NO:26, respectively) 
FV(3+4) (SEQ ID NO:27 and SEQID NO:28, respectively), 
FV5 (SEQ ID NO:29), FV6 (SEQID NO:30), 9162 (SEQ ID 
NO:31), 91.65 (SEQ ID NO:32), 9163 (SEQ ID NO:33), 
9166 (SEQ ID NO:34), and CV2 (SEQ ID NO:35). A 
Synthetic first nucleic acid target of the Factor V gene was 
designed to have the wild type Sequence that contains a G at 
position 32 of FV1 (SEQ ID NO:25). The complementary 
strand, FV2, (SEQ ID NO:26) has 4 additional bases at its 
3' terminus. A Second Synthetic nucleic acid target of Factor 
V was designed to have the Leiden mutation, an A residue 
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SEQ ID NO : 18 

SEQ ID NO : 19 

SEQ ID NO:20 

SEQ ID NO :21 

SEQ ID NO:22 

SEQ ID NO :23 

SEQ ID NO:24 

at position 32 of FV3. The mutant complementary strand, 
FV4, also had 4 additional bases at its 3' terminus. The 
nucleic acid target oligonucleotides, FV1 to FV4, were 
Separately dissolved at a concentration of one mg/mL in 
water. oligonucleotides 9162 and 91.63 are complementary 
and have a segment of the wild type CMV genome. Oligo 
nucleotides 91.63 and 91.66 are complementary and have the 
Same Segment of the viral genome, but they contain a Single 
base change present in a known drug resistant form of the 
virus. Equal volumes of one mg/mL 9162 and 91.65 were 
combined to serve as wild type target for CMV. Equal 
volumes of one mg/mL 91.63 and 9166 were combined to 
serve as the mutant target for CMV. Oligonucleotide CV2 
represents an oligonucleotide designed to detect the drug 
resistant form of the CMV sequence. 
0507 All the target DNAS FV(1+2), FV(3+4), 9162+ 
9165, 9163+9166) were diluted to 0.3 ug/mL with water. 
The other oligonucleotides were dissolved to 1 mg/mL with 
water. These compositions were used to assemble the fol 
lowing Solutions. 

916.2 91.63 

-- + FV (1 + FV (3 + 
Soln FV5 FV6 CV2 91.65 9166 2) 4) Water 

1. 20 uL 
2 - 1 it - - - - 19 uL 
3 - - 1 itL - - - 19 uL 
4 - 1 it 1 it.L - - - 18 uL 
5 1 itL 19 uL 
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-continued 

9162 91.63 

-- + FV (1 + FV (3 + 
Son FWS FV6 CV2 91.65 9166 2) 4) Water 

6 - 1 it 9 uL 
7 AtL 9 uL 
8 1 itL 9 uL 
9 - 1 it - AtL 8 it 
1O - 1 it - 1 itL 8 it 
11 - 1 it AtL 8 it 
12 - 1 it 1 itL 8 it 
13 20 uL 
14 1 it - - 1 it - AtL 7 uL 
15 1 it - - 1 it AtL 7 uL 
16 1 it - - 1 it - 1 itL 7 uL 
17 1 it - - 1 it 1 itL 7 uL 
18 - 1 itL 1 itL 1 it - AtL 6 till 
19 - 1 itL 1 itL - 1 it AtL 6 till 
2O - 1 itL 1 itL 1 it - 1 itL 6 till 
21 - 1 itL 1 itL - 1 it 1 itL 6 till 

0508. These 21 solutions, in triplicate, were heated to 92 
C. for 11 minutes, then cooled approximately 1 hour at room 
temperature. 

0509. The following master mix was assembled and 
mixed. 

Component Volume 

Water 1008 uL 
10 x DNA Polymerase Buffer 280 uL 
(Promega, M195A) 
Klenow exo- (1 UEuL) 35 uL 
(Promega, M218B) 
40 mM Sodium Pyrophosphate 35 uL 
(Promega, C350B) 
10 uM ADP 28 uL 
NDPK (1 UuL) 14 itL 

0510. After cooling at room temperature, 20 till of the 
master mix were added to each of the 21 Solutions, in 
triplicate, and they were heated at 37 C. for 15 minutes then 
placed on ice. 

0511 Five microliter samples of the solutions were 
placed in Wells of a microtiter plate Such that a 5 till Sample 
of each Solution, in triplicate, was present within each plate 
and three Such plates were prepared. The plates were placed 
into a Luminoskan(E) microtiter plate reading luminometer 
and this instrument was programmed to add 100 till of L/L 
reagent (Promega, F120B) to each well and immediately 
read the light produced by the reaction in the well. 

0512. The individual readings for each solution within 
each plate were averaged and these averages are given 
below. 
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Relative Light Units 

Average 
of 

Target Probe(s) Plate 1 Plate 2 Plate 3 Plates 

Ole FV5 5.08 2.81 2.99 3.63 
Ole FV6 2.85 2.72 3.59 3.05 
Ole CV2 2.91 2.73 2.60 2.75 
Ole FV6 and 2.56 2.75 2.68 2.66 

CV2 
9162 + 91.65 Ole 2.67 2.59 2.50 2.59 
91.63 - 9166 Ole 2.72 2.59 2.51 2.61 
FV(1 + 2) Ole 2.8O 2.52 2.55 2.62 
FV(3 + 4) Ole 2.75 2.41 2.51 2.56 
9162 + 91.65 + FW none 2.57 2.53 2.34 2.48 
(1 + 2) 
9162 + 91.65 + FW none 2.54 2.46 240 2.47 
(3 + 4) 
91.63 - 9166 - FV none 240 2.39 2.45 2.41 

(1 + 2) 
91.63 - 9166 - FV none 2.48 2.35 2.42 2.42 

(3 + 4) 
Ole Ole 2.53 2.34 2.22 2.36 
9162 - 91.65 - FV FWS 25.61 28.23 24.08 25.97 
(1 + 2) 
9162 + 91.65 + FW FV6 and 4.75 4.53 4.32 4.53 
(1 + 2) CV2 
91.63 - 9166 - FV FWS 25.36 27.72 28.98 27.35 
(1 + 2) 
9163 + 9166+ FW FV6 and 44.69 41.14 45.29 43.71 
(1 + 2) CV2 
9162 - 91.65 - FV FWS 3.91 3.93 4.16 4.OO 

(3 + 4) 
9162 + 91.65 + FW FV6 and 32.23 30.57 36.55 33.12 
(3 + 4) CV2 
91.63 - 9166 - FV FWS 3.54 3.64 3.52 3.57 
(3 + 4) 
9163 + 9166+ FW FV6 and 58.61 59.14 71.77 63.17 
(3 + 4) CV2 

0513. The light values for the reactions were adjusted 
from the averaged plate values above by Subtracting the 
average No-DNA signal value and target-alone averages and 
probe-alone values from the total light value measured for 
the various target and probe combinations. Reactions 
involving combinations of Target/Probe were further cor 
rected by Subtracting the appropriate adjusted probe-alone 
and target-alone values to yield a net light value. The 
resulting values are shown in the table below. 

Targets FVS Probes Mutant Probes 

WT CMV, WT Factor V 22.22 1.76 
Mutant CMV, 23.68 41.OO 
WT Factor V 
WT CMV, 0.27 30.35 
Mutant Factor V 
Mutant CMV, (-12) 60.46 
Mutant Factor V 

0514 AS in the previous example, a very distinctive 
Signal pattern is seen with the various target combinations 
that were Studied. This indicates that using multiple mutant 
probes in a multiplex manner can reduce the number of 
reactions needed to determine if a mutant Site is present 
within the Sample. These data Show for this assay System 
that when the Signal from the mutant probe reactions 
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approaches or is greater than that Seen with the correspond 
ing wild type probe, the Sample contains a target with a 
mutation in at least one of the Sites. In addition, if the Signal 

FW1 

5'CTAATCTGTAAGAGCAGATCCCTGGACAGGCGAGGAATACAGAGGGCAGCA 

GACATCGAAGAGCT 3' 

FW2 

5 'AGCTCTCGATGTCTGCTGCCCTCTGTATTCCTCGCCTGTCCAGGGATCTG 

CTCTTACAGATTAGAGCT 3' 

FW3 

5'CTAATCTGTAAGAGCAGATCCCTGGACAGGCAAGGAATACAGAGGGCAGCA 

GACATCGAAGAGCT 3' 

FW4 

5 'AGCTCTCGATGTCTGCTGCCCTCTGTATTCCTTGCCTGTCCAGGGATCTG 

CTCTTACAGATTAGAGCT 3' 

FW5 

5' CTGCTGCCCTCTGTATTCCTCG 3' 

FW6 

5' CTGCTGCCCTCTGTATTCCTTG 3' 

9.162 

5' CGTGTATGCCACTTTGATATTACACCCATGAACGTG 

CTCATCGACGTCAACCCGCACAACGAGCT 3' 

91.65 

5' CGTTGTGCGGGTTCACGTCGATGAGCACGTTCATGG 

GTGTAATATCAAAGTGGCATACACGAGCT 3' 

91.63 

5' CGTGTATGCCACTTTGATATTACACCCGTGAACGTG 

CTCATCGACGTCAACCCGCACAACGAGCT 3' 

9166 

5' CGTTGTGCGGGTTCACGTCGATGAGCACGTTCACGG 

GTGTAATATCAAAGTGGCATACACGAGCT 3' 

CW2 

5' CACTTGATATTACACCCGTG 3' 

EXAMPLE 5 

Detection of DNA Sequences in the Genome of 
Listeria Species 

0515. This example provides an assay for the presence of 
DNA sequences present in the genome of Listeria in a gene 
known as the iap gene. Oligonucleotides LM1 (SEQ ID 
NO:36) and LM2 (SEQ ID NO:37) encode a segment of the 
iap gene and are exactly complementary to each other. 
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for the wild type (WT) probe is far lower than that for the 
multiplexed mutant probes, it is likely that at least the target 
interrogated by the wild type probe is in the mutant form. 

SEQ ID NO:25 

SEQ ID NO:26 

SEQ ID NO:27 

SEQ ID NO :28 

SEQ ID NO:29 

SEQ ID NO:30 

SEQ ID NO:31 

SEQ ID NO:32 

SEQ ID NO:33 

SEQ ID NO:34 

SEQ ID NO:35 

Oligonucleotide probe LM3 (SEQID NO:38) was designed 
to hybridize exactly with a region of target LM2, and probe 
LM4 (SEQ ID NO:39) was designed to hybridize exactly to 
target LM1. 
0516 Oligonucleotides LM1-LM4 were dissolved in TE 
buffer (10 mM Tris, 1 mM EDTA, pH8.0) at a concentration 
of 500 lug/mL and then were diluted 25-fold in TE buffer to 
obtain solutions at a DNA concentration of 20 ng/ull. The 
following Solutions were assembled. 
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1 XTE 
Solution Oligonucleotides Buffer 

#1 LM1, 10 uL 10 uL 
#2 LM2, 10 uL 10 uL 
#3 LM3, 10 uL 10 uL 
#4 LM4, 10 uL 10 uL 
#5 LM1, 10 uL: LM3, 10 uL 
#6 LM1, 10 uL: LM4, 10 uL 
#7 LM2, 10 uL: LM3, 10 uL 
#8 LM2, 10 uL: LM4, 10 uL 
#9 20 uL 

0517. These solutions were heated at 95° C. for 3 min 
utes, then permitted to cool at room temperature for 15 
minutes. 

0518. The following master mix was assembled. 

Component Volume/reaction 

Nanopure water (Promega AA399) 12.75 uL 
10 x DNA Polymerase Buffer (Promega 2 itL 
M195A) 
40 mM Sodium Pyrophosphate (Promega 0.25 uL 
C113) 
ADP, 2 uM* 1 itL 
NDPK, 0.1. U?ul 1 uL 
Klenow Exo- 10 U?uL (Promega M218) 1 itL 

*Made by dissolving Sigma A5285 in water. 
**Made by dissolving Sigma NO379 in water. 

0519. After solutions 1-9 had cooled, 2 till samples of the 
Solution were added to 18 till of the master mix, in triplicate, 
the resulting solutions were mixed and incubated at 37 C. 
for 15 minutes. After this incubation, the tubes were placed 
on ice. Once all the incubations were on ice, 20 till of the 
contents of the tubes were added to 100 lull of L/L reagent 
(Promega, F202A) and the light production of the resulting 
reaction was measured immediately using a Turner(E) TD 
20/20 luminometer. The following data were obtained. 

Relative light units 

Solution Target Probe Reading 1 Reading 2 Reading 3 Avg. 

#1 LM1 70.3 69.7 69.0 69.7 
#2 LM2 39.6 40.8 45.3 41.9 
#3 LM3 12.2 12.4 13.2 12.6 
#4 LM4 16.9 17.3 17.4 17.2 
#5 LM1 LM3 57.7 76.5 72.7 69.0 

LM1 

5' GAAGTAAAACAAACTACACAAGCAACTACACCTGCGCCTAAAG 
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-continued 

Relative light units 

Solution Target Probe Reading 1 Reading 2 Reading 3 Avg. 

#6 LM1 LM4 1814 1815 1761 1797 
#7 LM2 LM3 56.72 61.1 57.59 58.5 
#8 LM2 LM4 67.5 72.4 79.3 73.1 

0520. These data show that LM4 produces a strong signal 
in the reaction with LM1 and thus can be used to detect this 
DNA sequence. 
0521 Oligonucleotides LM1 and LM2 were diluted to 2 
ng?u in 1x TE buffer. These materials were also used to 
create the following Solutions in triplicate. 

Solution LM1 LM2 LM3 LM4 1 XTE 

#1 5 uL 5 uL 10 uL 
#2 5 uL 5 uL 10 uL 
#3 5 uL 5 uL 10 uL 

0522 These solutions were heated to 95° C. for 10 
minutes, then permitted to cool for 15 minutes at room 
temperature. 

0523) A master mix was made as described earlier in this 
example. After cooling at room temperature, 2 till of each 
Solution were added to an 18 till Sample of this master mix, 
and the resulting solutions were incubated at 37 C. for 15 
minutes. After this incubation, 2 till of the Solution were 
added to 100 uL of L/L reagent (Promega, F202A) and the 
light produced was immediately read using a Turner(R) TD 
20/20 luminometer. 

0524. The following results were obtained 

Relative light units 

Solution Reading 1 Reading 2 Reading 3 Avg. NLU* 

#1 754.4 727.8 752.7 745.0 
#2 857.4 801.0 852.3 836.9 91.9 
#3 11.85 1211 1192. 1196 451 

*Net light units (NLU) were calculated by subtracting the no probe reac 
tion average (#1) from the specific probe reaction values. 

0525). With both DNA template strands present, both 
probes provide Signals above background. 
0526. The sequences used were as follows: 

SEQ ID NO:36 

TAGCAGAAACGAAAGAAACTCCAGTAG 3' 

LM2 

5' CTACTGGAGTTTCTTTCGTTTCTGCTACTTAGGCGCAGGT SEQ ID NO:37 
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- continued 

GTAGTTGCTTGTGTAGTTTGTTTTACTTC 3' 

LM3 

5' GCAACTACACCTGCGCCTAAAGTAGCAGAA 3' 

LM4 

5 TTCGCTACTTAGGCGCAGGTGTAGTTCG 3' 

EXAMPLE 6 

Detection of Segments of the Listeria hyl Gene 

0527. In this example, a method is described for the 
detection of a Segment of the hyl gene from Listeria mono 
cyOtogenes. 

0528 Oligonucleotides LM5 (SEQ ID NO:40) and LM6 
(SEQ ID NO:41) anneal exactly to create a region of the hyl 
gene. LM7 (SEQ ID NO:42) and LM8 (SEQ ID NO:43) 
oligonucleotides are used as interrogation probes with LM7 
completely complementary to LM6 and LM8 completely 
complementary to LM5. Oligonucleotides LM5-8 were dis 
solved in 1x TE buffer at a concentration of 500 tug/mL and 
then were diluted 25 fold in TE buffer to obtain Solutions at 
a DNA concentration of 20 ng?u . The following solutions 
were assembled. 

Solution Oligonucleotides 1x TE Buffer 

#1 LM5, 10 uL 10 uL 
#2 LM6, 10 ul 10 uL 
#3 LM7, 10 uL 10 uL 
#4 LM8, 10 ul 10 uL 
#5 LM5, 10 uL: LM7, 10 uL 
#6 LM5, 10 ul: LM8, 10 ul 
#7 LM6, 10 ul: LM7, 10 ul 
#8 LM6, 10 ul: LM8, 10 ul 
#9 20 uL 

0529) These solutions were heated at 95° C. for 3 min 
utes, then permitted to cool at room temperature for 15 
minutes. 

0530. The following master mix was assembled. 

Volume/reaction 

Nanopure water(Promega AA399) 12.75 uL 
10 x DNA Polymerase Buffer(Promega M195) 2 it 
40 mM Sodium Pyrophosphate(Promega C113) 0.25 uL 
ADP, 2 uM* 1 it 
NDPK, 0.1. U?ul 1 it 
Klenow Exo- 10 U?uL (Promega M128) 1 it 

*Made by dissolving Sigma A5285 in water. 
**Made by dissolving Sigma NO379 in water. 

0531. After solutions 1-9 had cooled, triplicate 2 till 
Samples of the Solution were added to 18 till master mix and 
the resulting solutions were mixed and incubated at 37 C. 
for 15 minutes. After this incubation, the tubes were placed 
on ice. Once all the incubations were on ice, 20 till of the 
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SEQ ID NO:38 

SEQ ID NO:39 

contents of the tubes were added to 100 lull of L/L reagent 
(Promega F202A) and the light production of the resulting 
reaction was measured immediately using a Turner(E) TD 
20/20 luminometer. The following data were obtained. 

Relative light units 

Solution Reading 1 Reading 2 Reading 3 Avg. Net Ave 

#1 28.53 29.62 3O.O 29.41 

#2 81.30 75.12 74.68 77.03 

#3 1988 1312 12.8O 15.26 

#4 1326 1273 1216 1271 

#5 37.24 36.40 36.77 36.8O 3.78 

#6 2582 2336 21.69 2362 1089 

#7 90.74 90.83 90.64 90.64 9.97 

#8 1596 1671 1787 1684 347.6 

#9 12.33 1116 11.48 11.66 

0532. The above data indicate that at least oligonucle 
otide LM8 can be used to detect the target gene Sequence 
represented in LM6. 

0533 Oligonucleotides LM5 and LM6 were diluted to 2 
ng?u.L in 1x TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). 
These materials were also used to create the following 
Solutions in triplicate. 

1 x 
Solution LMS LM6 LMF LM8 TE 

#1 5 uL 5 uL 10 uL 
#2 5 uL 5 uL 10 uL 
#3 5 uL 5 uL 10 uL 

0534) These solutions were heated to 95° C. for 10 
minutes, and then cooled for 15 minutes at room tempera 
ture. 

0535 Then 2 ul of the solutions were added to triplicate 
18 till Samples of the master mix and then the resulting 
Solutions were incubated at 37 C. for 15 minutes. After this 
incubation, 2 ult of the solution were added to 100 lull of L/L 
reagent (Promega, F202A) and the light produced was 
immediately read using a Turner(R) TD 20/20 luminometer. 
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0536 The following results were obtained. 

Relative light units 

Solution Reading 1 Reading 2 Reading 3 Avg. NLU* 

#1 442.5 431.8 432.2 435.5 
#2 576.1 544.6 580.1 566.9 115.7 
#3 1779 1837 1908 1841 1405 

*Net light units (NLU) determined by subtraction of probe alone values 
(see table above) and solution #1 values from the average light units mea 
sured. 

0537) These results demonstrate that specific detection of 
the Segment of the hyl gene Sequence from Listeria can be 
performed using the components described above. Because 
this gene Sequence is specific for Listeria, this indicates that 
the components can be used for Specific detection of Listeria 
DNA 

5' CATCGACGGCAACCTCGGAGACTTACGAGATATTTTGAAAAAA SEQ 

GGCGCTACTTTTAATCGAGAAACACCA 3' 

LM6 

5' TGGTGTTTCTCGATTAAAAGTAGCGCCTTTTTTCAAAATATCT SEQ 

CGTAAGTCTCCGAGGTTGCCGTCGATG 3' 

LM 

5' CTCGGAGACTTACGAGATATTTTGAAAAAA 3' SEQ 

5' TTTTTTCAAAAATCTCGTAAGTCTCCGAG 3' SEQ 

EXAMPLE 7 

Detection of a DNA Sequence from Salmonella 

0538 In this example, a method for detection of a gene 
Sequence from Salmonella is provided. 

0539 Oligonucleotides ST1 (SEQID NO:44), ST2 (SEQ 
ID NO:45), ST3 (SEQ ID NO:46), and ST4 (SEQ ID 
NO:47) were dissolved in 1x TE buffer to 500 ug?u L and 
then were diluted 25 fold in 1x TE buffer to obtain Solutions 
at a DNA concentration of 20 ng?u . The following solu 
tions were prepared. 

Solution Oligonucleotides 1x TE Buffer 

#1 ST1, 10 uL 10 uL 
#2 ST2, 10 uL 10 uL 
#3 ST3, 10 uL 10 uL 
#4 ST4, 10 uL 10 uL 
#5 ST1, 10 uL: ST3, 10 uL 
#6 ST1, 10 uL.; ST4, 10 ul 
#7 ST2, 10 uL: ST3, 10 uL 
#8 ST2, 10 uL.; ST4, 10 ul 
#9 20 uL 
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0540. These solutions were heated at 95° C. for 3 min 
utes, then permitted to cool at room temperature for 15 
minutes. 

0541. The following master mix was assembled. 

Component Volume/reaction 

Nanopure water (Promega AA399) 12.75 uL 
10 x DNA Polymerase Buffer (Promega 2 itL 
M195) 
40 mM Sodium Pyrophosphate (Promega 0.25 uL 
C113) 
ADP, 2 uM* 1 itL 
NDPK, 0.1. U?uL** 1 itL 
Klenow Exo- 10 UEuL (Promega M128) 1 itL 

*Made by dissolving Sigma A5285 in water. 
**Made by dissolving Sigma NO379 in water. 

NO 40 

NO: 41 

NO 42 

NO: 43 

0542. After solutions 1-9 had cooled, three 2 till samples 
of the solution were added to 18 till of the master mix and 
the resulting solution was mixed and incubated at 37 C. for 
15 minutes. After this incubation, the tubes were placed on 
ice. Once all the incubations were on ice, 20 till of the 
contents of the tubes were added to 100 lull of L/L reagent, 
and the light production of the resulting reaction was mea 
sured immediately using a Turner(R) TD 20/20 luminometer. 
The following data were obtained. 

Relative light units 

Solution Reading 1 Reading 2 Reading 3 Avg. Net Avg. 

#1 18.28 18.27 17.97 18.17 
#2 231.9 211.4 226.3 223.2 
#3 11.58 12.56 11.34 11.83 
#4 14.OO 14.48 1488 14.45 
#5 21.31 21.2O 1944 20.65 2.18 
#6 3OO3 2943 2918 2955 2933 
#7 2780 2782 2641 2734 2510 
#8 256.4 269.9 271.1 265.8 39.67 
#9 11.63 11.39 11.56 11.52 
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0543. These data indicate that both oligonucleotide 
probes ST3 and ST4 can give a very Strong specific light 
Signals with Single Strand target DNA sequence from Sal 
monella. 

0544) Oligonucleotides ST1 and ST2 were diluted to 2 
ng?u Lin 1x TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). 
These materials were also used to create the following 
Solutions in triplicate. 

ST1 
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0548. These data demonstrate that oligonucleotide probes 
ST3 and ST4 provide specific detection of the DNA target 
sequence from Salmonella even if both DNA strands are 
present. 

0549 Sequences used were as follows: 

5' TTTAATTCCGGAGCCTGTGTAATGAAAGAAATCACCGTCACTG SEQ ID NO: 44 

AACCTGCCTTGTCACC 3' 

ST2 

5' GGTGACAAAGGCAGGTTCAGTGACGGTGATTTCTTTCATTACACAGGCT SEQ ID NO: 45 

CCGGAATTAAA 3' 

ST3 

5' TGTGTAATGAAAGAAATCACCGTCACTGAA 3' SEQ ID NO: 46 

ST4 

5 TTCAGTGACGGGATTTCTTTCATTACACA 3" SEQ ID NO: 47 

EXAMPLE 8 

Detection of Poly(A) mRNA Using Reverse 
Solution ST1 ST2 ST3 ST4 1 XTE Transcriptase and NDPK 

#1 5 uL 5 uL 10 ul 
#2 5 uL 5 uL 10 uL 0550 This example demonstrates a method for the detec 
#3 5 uL 5 uL 10 uL tion of mRNA, particularly poly(A) mRNA. In this method, 

0545. These solutions were heated to 95° C. for 10 
minutes, then permitted to cool for 15 minutes at room 
temperature. 

0546 A master mix was made as described earlier in this 
example. After cooling at room temperature, 2 till of each 
Solution were added to an 18 till Sample of this master mix, 
and then the resulting solutions were incubated at 37 C. for 
15 minutes. After this incubation, 2 ul of the solution were 
added to 100 till of L/L reagent and the light produced was 
immediately read using a Turner(R) TD 20/20 luminometer. 

0547 The following results were obtained. 

Relative light units 

Solution Reading 1 Reading 2 Reading 3 Avg. NLU* 

#1 692.5 728.9 678.3 699.9 
#2 2448 2389 2311 2.382 1683 
#3 1742 1778 1738 1752 1053 

*Net light units (NLU) were determined by subtraction of probe alone 
values (see table above) and solution #1 values from the average light 
units measured. 

an oligo(dT) DNA probe (Promega, C110A) is hybridized to 
the target mRNA and the hybridized probe: target is pyro 
phosphorylated using a reverse transcriptase and pyrophos 
phate. AS the pyrophosphorylation occurs, the deoxynucleo 
side triphosphates are used to convert ADP to ATP using the 
enzyme NDPK. The ATP of the final solution is then 
measured using luciferase. 

0551. The reactions were assembled as presented in the 
table below, in which all volumes are in microliters (uL). 
The reaction components were: Buffer, 5x MMLV-RT 
Buffer (Promega, M531A); mRNA, Globin MRNA (Gibco 
BRL cathf 18103-028 dissolved in HO); Poly(dT), 0.2 uM 
oligo(dT)(50); NaPPi, 20 mM Sodium Pyrophosphate, 
(Promega C113A in deionized water); ADP, 10 mM ADP 
(Sigma A-5285); NDPK, 1 U?ul, (Sigma N-0379); MMLV 
RT, (Promega Part #M531A) 200 U?ul, and 200 Uful 
Superscript II (Gibco BRL cath 18064-014). 

0552) These reactions were incubated at 37° C. for 30 
minutes and 2 till of the reactions were added to 100 till of 
L/L reagent (Promega, F202A). The light production of the 
reactions was immediately measured using a Turner(R) 
TD-20e luminometer. The data from these studies are pre 
sented in the data table below. 
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Reaction Components 

Super 
Poly MMLV- Scrip 

Buffer mRNA (dT) NaPPi ADP NDPK RT I 
RX (uL) (uL) (uL) (uL) (uL) (uL) (uL) (uL) 

1. 4 O 2 1. 

50 ngful 
2 4 O 2 1. 

Ongful 
3 4 O 2 1. 

2 ngful 
4 4 O 2 1. 

400 pgful 
5 4 O 2 1. 

80 pgful 
6 4 2 1. 
7 4 O 2 1. 

50 ngful 
8 4 O 2 1. 

Ongful 
9 4 O 2 1. 

2 ngful 
1O 4 O 2 1. 

400 pgful 
11 4 O 2 1. 

80 pgful 
12 4 2 1. 

DATA TABLE 

Rx mRNA Light Units 

1. 5 ng 647.2 
2 1 ng 425.4 
3 0.2 ng 113.9 
4 40 pg 43.56 
5 8 pg 23.66 
6 21.52 
7 5 ng 648.5 
8 1 ng SOO.4 
9 0.2 ng 144.2 
1O 40 pg 45.85 
11 8 pg 28.17 
12 19.71 

EXAMPLE 9 

Detection of a Specific Message by Use of a DNA 
Probe Exactly Matching the Message Sequence and 

Lack of a Signal when the DNA Probe is 
Mismatched at Its 3' End 

0553) 
ated from pyrophosphorylation of a DNA probe that comple 

In this Example, a luciferase light signal is gener 

ments the Sequence of a target RNA species. In addition, 
evidence is presented to demonstrate that this signal is not 
generated if the 3'-terminal base of the probe does not 
complement the RNAbase in the target Sequence. These data 
demonstrate that probe pyrophosphorylation can be used to 
detect the presence of Specific target RNA sequences and 
that mutations at Specific bases in the target Sequence can be 
detected by use of probes that should match the base but that 
do not give a signal with the message. 
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HO 
AtL 

9 

9 

0554. A master mix was assembled that contained: 

Capped Kanamycin RNA (0.62 mg/mL) 1.25 uL 
5 x MMLV Reaction Buffer 50 uL 
40 mM Sodium Pyrophosphate 2.5 uL 
10 uM ADP 2.5 uL 
NDPK (1 UuL) 5 uL 
MMLV-RT (200 UfulL) (Promega, M1701) 12.5 uL 
Nanopure water 163.75 uL 

0555 Probes one through four were dissolved at a con 
centration of 1 mg/ml in 1x TE buffer. 
0556 Probe 1 (SEQ ID NO:48) was designed to exactly 
complement a Segment of the coding region of the Kana 
mycin RNA. Probe 2 (SEQ ID NO:49), Probe 3 (SEQ ID 
NO:50)and Probe 4 (SEQ ID NO:51) were designed to 
match the sequence of Probe 1 except that the 3'-terminal 
base of the probe was altered to one of each of the other three 
DNA bases at this position. 
0557 Nineteen microliters of the master reaction mix 
were placed in 10 labeled 0.5 mL microfuge tubes and the 
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following additions were made to the tubes: Tubes 1 and 2, 
1 uL1x TE buffer; Tubes 3 and 4, 1 uL Probe 1; Tubes 5 and 
6, 1 uL Probe 2; Tubes 7 and 8, 1 uL Probe 3; and Tubes 9 
and 10, 1 till Probe 4. The 100.5 mL microfuge tubes were 
incubated at 37 C. for 20 minutes to hybridize and form 
treated Samples. Thereafter, 2 till of the contents of the tubes 
were added to 100 uLL/L reagent (Promega, F202A) and the 
light output of the reagent was measured using a luminom 
eter. The following data were collected. 

Relative Light 
Solution Units 

3.989 
3.458 

49.95 
52.24 
3.779 
3.727 
4394 
4.163 
7.879 
7.811 1. 

0558. These data show that MMLV-RT is able to pyro 
phosphorylate a DNA probe that hybridized to a target RNA 
Squence and that the free nucleoside triphosphates that are 
formed are converted to ATP equivalents that can be mea 
sured using luciferase. In addition, the data show that this 
Signal is either absent or much weaker (Solutions 1,2,5,6,7, 
8,9,10) when a probe with a 3' mismatch to the expected 
base is used in the reaction (compare to tubes 3 and 4). 

Probe 1 SEQ ID NO : 485 " GCAACGCTACCTTTGCCATGTTTC 
3 

Probe 2 SEQ ID NO : 495 ' GCAACGCTACCTTTGCCATGTTTG 
3 

Probe 3 SEQ ID NO : 505 " GCAACGCTACCTTTGCCATGTTTA 
3 

Probe 4 SEQ ID NO : 515 ' GCAACGCTACCTTTGCCATGTTTT 
3 

EXAMPLE 10 

Detection of a Specific RNA: Globin mRNA 
0559). In this Example, the light signal produced from 
pyrophosphorylation of DNA probes that are complemen 
tary to two regions of globin mRNA is compared to the 
Signals from two DNA probes that are the exact Sequence of 
the Same regions. Once again, probes that totally comple 
ment the target RNA are shown to give a signal above 
background, whereas those that do not complement the 
target RNA give little or no Signal. 

0560 Probe 5 (SEQ ID NO:52), Probe 6 (SEQ ID 
NO:53), Probe 7 (SEQ ID NO:54), and Probe 8 (SEQ ID 
NO:55) were diluted to a concentration of 0.5 mg/mL in 1x 
TE buffer (10 mM Tris, 1 mM EDTA). Purified globin 
MRNA (Gibco BRL, 18103-028) as target was dissolved in 
1x TE buffer (10 mM Tris, 1 mM EDTA) to a concentration 
of 20 ng?u. 
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0561 Hybridization solutions were assembled as fol 
lows: 

0562 Solution 1: 10 ul Probe 5 and 10 ul Globin 
mRNA 

0563 Solution 2: 10 ul Probe 6 and 10 ul Globin 
mRNA 

0564) Solution 3: 10 ul Probe 7 and 10 ul Globin 
MRNA 

0565 Solution 4: 10 ul Probe 8 and 10 ul Globin 
mRNA 

0566 Solution 5: 10 ul Probe 5 and 10 uL 1x TE 
buffer 

0567 Solution 6: 10 ul Probe 6 and 10 uL 1x TE 
buffer 

0568 Solution 7: 10 ul Probe 7 and 10 uL 1x TE 
buffer 

0569 Solution 8: 10 ul Probe 8 and 10 uL 1x TE 
buffer 

0570 Solution 9: 10 uL 1x TE buffer, 10 ul Globin 
mRNA 

0571. These solutions were assembled in 0.5 mL tubes, 
heated to 50° C. for 15 minutes and permitted to cool to 
room temperature for 15 minutes. 
0572 The following master reaction mixture was 
assembled: 

Nanopure water 346.5 uL 
MMLV-RT5 x Reaction Buffer (Promega 132 uL 
M195A) 
Sodium pyrophosphate (Promega M531) 16.5 uL 
NDPK (1 UuL) 33 uL 
ADP (2 uM) 33 uL 
MMLV-RT (adjusted to 100 UfulL) 33 uL 
(Promega, M1701) 

0573 The solution above was mixed and 18 till placed 
into 27 tubes. Three two-microliter samples of each of the 
hybridization solutions above were added in three of the 
tubes containing the master reaction mix and the tubes were 
then incubated at 37 C. for 15 minutes and permitted to cool 
to room temperature to hybridize and form treated Samples. 
The contents of the tubes were then added to 100 till of L/L 
reagent and the light production of the resulting reaction was 
measured using a luminometer (Turner(R) TD20/20). The 
following results were obtained: 

Hybridization 
Solution Light Values Average 

Probe 5 + RNA 6.555 6.303 6.187 6.348 
Probe S - TE 6.335 5.923 6.046 6.101 
Buffer 
Probe 6 + RNA 137.8 128.5 169.2 145.2 
Probe 6+ TE 10.24 9.429 9.858 9.842 
Buffer 
Probe 7+ RNA 6.235 6.763 6.375 6.458 
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-continued 

Hybridization 
Solution Light Values Average 

Probe 7 - TE 6.436 6.545 6.138 6.388 
Buffer 
Probe 8 + RNA 90.34 95.42 54.7 80.15 
Probe 8+ TE 10.21 12.55 9.372 10.71 
Buffer 
TE Buffer + RNA 5.579 6.509 6.388 6.159 

0574. These data show that a strong light signal is seen 
when the reaction mixes containing probes 6 or 8 and target 
RNA were added to the L/L reagent but little signal was seen 
when the probes were incubated without target RNA, or 
when the target RNA was incubated without these probes. In 
addition, probes 5 and 7 provided very low signals in the 
presence or absence of added target RNA. Probes 6 and 8 
were designed to complement two different regions in the 
coding region of globin MRNA. Probes 5 and 7 were made 
to exactly mimic the Sequence of these same target RNA 
regions. Thus, these data provide a Second example of how 
the pyrophosphorylation of a probe can be used to detect a 
specific RNA. 

Probe 5 SEQ ID NO : 525' ATGGTGCATCTGTCCAGTGAGGAGAA 
GTCT3' 

Probe 6 SEQ ID NO : 535 ' AGACTTCTCCTCACTGGACAGATGCA 
CCAT3' 

Probe 7 SEQ ID NO : 545 ' GCTGCTGGTTGTCTACCCATGGACCC 
3 

Probe 8 SEQ ID NO : 555 ' GGGTCCATGGGTAGACAACCAGCAGC 
3 

EXAMPLE 11 

Specific Detection of RNA: Comparison of Signals 
from RNA Species that Match Probe Sequences to 

those from Random Target RNA 

0575 To detect specific RNA using the pyrophosphory 
lation reaction described in the previous Example it is 
necessary that the probes not give a strong Signal with target 
RNA species that do not contain the Sequence to be detected. 
In this Example, the Strength of the Signal provided by use 
of probes designed to detect globin mRNA is compared to 
the Signal Seen when these probes are used in reactions with 
yeast total RNA as target. 

0576 Probe 6 (SEQ ID NO:53), Probe 8 (SEQ ID 
NO:55) and oligo(dT) (Promega, C110A) were diluted to a 
concentration of 0.5 mg/mL in 1x TE buffer. Globin mRNA 
(Gibco BRL, 18103-028) was dissolved in 1x TE buffer to 
a concentration of 20 ng/uL. Yeast RNA (Sigma Chemical 
Co. R3629) was dissolved in 1x TE buffer to a concentration 
of 20 ng?u. 

0577. Hybridization solutions were assembled as fol 
lows: 

0578 10 ul oligo(dT) and 10 ul Globin mRNA 
0579 10 ul Probe 6 and 10 ul Globin mRNA 
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0580) 
0581 
0582) 
0583) 
0584) 
0585) 
0586 These solutions were assembled in 0.5 mL tubes, 
heated to 50° C. for 15 minutes, and then permitted to cool 
to room temperature for 15 minutes to hybridize and form 
treated Samples. 

10 uL Probe 8 and 10 uL Globin mRNA 
10 uL 1x TE buffer and 10 uL Globin mRNA 
10 uL oligo(dT) and 10 uL Yeast RNA 
10 uL Probe 6 and 10 uL Yeast RNA 
10 uL Probe 8 and 10 uL Yeast RNA 
10 uL 1x TE buffer and 10 uL Yeast RNA 

0587. The following master reaction mixture was 
assembled: 

Nanopure water 346.5 uL 
MMLV-RTS x Reaction Buffer 132 uL 
Sodium pyrophosphate (Promega M531) 16.5 uL 
NDPK (1 UuL) 33 uL 
ADP (2 uM) 33 uL 
MMLV-RT (adjusted to 100 UfulL) 33 uL 

0588. The solution above was mixed, and 18 till were 
placed into 24 tubes. Three two-microliter Samples of each 
of the hybridization solutions above were added in three of 
the tubes containing the master reaction mix and the tubes 
were incubated at 37 C. for 15 minutes. The contents of the 
tubes were then added to 100 till of L/L reagent and the light 
production of the resulting reaction was measured using a 
luminometer (Turner(R) TD20/20). 
0589 The following data were obtained: 

Hybridization Solution 

RNA Probe Light Units Average 

Globin RNA Oligo(dT) 614.1 680.6 657.7 650.8 
Globin RNA Probe 6 93.29 92.19 92.9 92.79 
Globin RNA Probe 8 77.13 61.69 69.89 69.57 
Globin RNA none 4.11 4.07 3.92 4.03 
Yeast RNA Oligo(dT) 2.05 2.13 2.22 2.13 
Yeast RNA Probe 6 4.25 4.15 4.46 4.28 
Yeast RNA Probe 8 6.21 4.83 4.37 5.14 
Yeast RNA none 1.97 1.53 1.97 181 

0590 These data show that much higher signals result 
when the probes are incubated with target globin mRNA 
than when the probes are incubated with yeast total RNA as 
target. Because the yeast RNA should not contain the globin 
Sequence, the lack of a high Signal is expected. The fact that 
oligo(dT) also provides a low signal Suggests that most of 
the target RNA in this preparation is not mRNA, but other 
forms of RNA. 

Probe 6 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO. 53 AT3' 

Probe 8 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCAGC3' 
NO. 55 
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EXAMPLE 12 

Specific Detection of RNA: Comparison of Signals 
from RNA Species that Match Probe Sequences in 

Reactions with and without Added Extraneous 
Target RNA 

0591 For the pyrophosphorylation reaction described in 
Example 10 to be used to detect specific target Sequences, 
another requirement of the System is that the probes should 
give a very similar Signal in the presence and absence of 
extraneous RNA. In this Example, the Strength of the Signal 
of probes designed to detect target globin MRNA in the 
presence of a large amount of yeast RNA is compared to the 
signal seen in the absence of added yeast RNA. Hybridiza 
tion solutions containing various levels of yeast RNA, Probe 
6 (SEQ ID NO:53) or Probe 8 (SEQ ID NO:55) and target 
globin mRNA (Gibco BRL, 18103-028) were assembled by 
adding 5ull 500 tug/ull either probe 6 or probe 8 to 5 till 40 
ng?u L of target globin mRNA and 10 ul yeast RNA (Sigma 
Chemical Co. R3629) in 1x TE buffer (10 mM Tris, 1 mM 
EDTA) to produce Solutions containing total amounts of 
yeast RNA of 0, 2, 20, 200, 400, and 800 ng. The solutions 
were heated at 50 C. for 15 minutes and then permitted to 
cool to room temperature for 15. 
0592 Reaction master mix was assembled as in Example 
10 above and 18 till of the mix were placed in 18 tubes. After 
cooling 15 minutes, 2 till of the various hybridization 
Solutions containing probe 6 were added to the tubes and the 
tubes were placed in a 37 C. heating block. 
0593. After 15 minutes of incubation of the hybridization 
mixture with the reaction master mix, 20 till of the Solution 
were added to 100 uL of L/L reagent (Promega, F202A) and 
the light output of the resulting reaction was measured using 
a Turner(E) TD-20/20 luminometer. 

0594. After the probe 6 data were collected, an identical 
Set of reactions was performed using the hybridization 
Solutions containing probe 8. 
0595. The following data were obtained: 

Probe 6 Reactions 

0596) 

Yeast RNA relative light units Average 

None 96 109 111 105.3 
2ng 98.4 85.O 118.5 1OO.7 
20 ng 117.9 110.9 82.7 103.65 

200 ng 56.4 110.1 93.2 86.6 
400 ng 115.7 110.7 124.6 117 
800 ng 127.6 128.7 1431 133.1 

Probe 8 Reactions 

0597) 

Yeast RNA relative light units Average 

None 105.8 97.0 82.3 95.0 
2ng 84.5 84.6 93.7 87.6 
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Yeast RNA relative light units Average 

20 ng 99.6 111.7 104.9 105.4 
200 ng 83.6 75.9 95.6 85.1 
400 ng 94.7 97.2 81.9 91.2 
800 ng 50.7 89.0 82.1 73.9 

0598. These data indicate that addition of very large 
amounts of yeast RNA to the hybridization reaction does not 
greatly lower the Signal from hybridized probes for Specific 
target RNA species. 

Probe 6 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO. 53 AT3' 

Probe 8 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCAGC3' 
NO. 55 

EXAMPLE 13 

Mutation Detection Using Probes yo Target Globin 
mRNA #1: Detection of Mismatched Bases at the 

3' End of the Probe Sequence 

0599. The pyrophosphorylation reactions for target RNA 
detection, such as shown with Probe 6 and Probe 8, require 
that the probe be pyrophosphorylated by an added poly 
merase. If the 3'-terminus of the probe contains a base that 
does not match the RNA, it might not be a substrate for the 
pyrophosphorylation reaction. If this is the case, addition of 
a probe that detects the presence of a target RNA species to 
reactions containing a Sample that contains the target RNA 
can indicate that the RNA is altered in Sequence at the base 
that matches the 3'-end of the probe. Substitution of a new 
probe that contains the complementary base to the altered 
target RNA sequence then provides the Signal. In this way, 
the pyrophosphorylation reaction can be used to interrogate 
the Sequence of RNA species in the region matching the 
3'-end of the probe. 
0600 To test this concept, probes were designed that 
were identical in sequence to Probe 6 (SEQ ID NO:53) and 
Probe 8 (SEQ ID NO:55), with the exception that the 
3'-terminal base of each of these probes was varied to one of 
each of the other three DNA bases. This Example demon 
Strates the use of Such a probe Set for confirming that the 
target RNA base at the 3'-end of the probe matches the 
expected base by providing a light signal after the pyro 
phosphorylation reaction but that the other probes with 
altered 3' bases do not provide this signal. 
0601) The probes 6m1 (SEQ ID NO:56), 6m2 (SEQ ID 
NO:57) and 6m3 (SEQ ID NO:58) were dissolved in 1x TE 
buffer to a concentration of 500 ng/ul. 
0602 Hybridization solutions containing probe 6, 6m1, 
6m2 or probe 6m3, or probe 8, 8m1 (SEQ ID NO:59), 8m2 
(SEQ ID NO:60) or probe 8m3 (SEQ ID NO:61) were 
assembled by adding 5 till of 20 ng?u L of target globin 
mRNA (Gibco BRL) or Tris buffer. The solutions were 
heated at 50° C. for 15 minutes, then permitted to cool to 
room temperature for 15 minutes to hybridize and form 
treated Samples. 
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0603 Reaction master mix was assembled as in Example 
10 above, and 18 lull of the mix were placed in 18 tubes. 
After cooling for 15 minutes, 2 till of the various hybrid 
ization Solutions containing probe 6, and probe 6m1 through 
probe 6m3 were added to the tubes and the tubes were 
placed in a 37 C. heating block. 

0604. After a 15 minute incubation at 37° C. of the 
hybridization mixes with the reaction master mix, 20 u, the 
reaction were added to 100 u, L/L reagent (Promega, 
F202A) and the light output of the reaction measured 
immediately in a Turner(R) TD20/20 luminometer. The fol 
lowing data were obtained. 

RNA 
Probe (+/-) Light Units Average 

Probe 6 -- 157.3 150 130.5 149.9 
Probe 6 16.2 13.3 11.1 13.6 
Probe 6m1 -- 7.3 7.4 7.5 7.4 
Probe 6m1 6.8 6.7 6.7 6.7 
Probe 6m2 -- 7.9 8.8 9.2 8.7 
Probe 6m2 7.9 7.3 6.5 7.2 
Probe 6m3 -- 6.9 7.4 7.4 7.2 
Probe 6m3 6.1 6.8 7.2 6.7 
(no probe) -- 7.0 6.3 7.4 6.9 

0605 Reaction master mix was again assembled as in 
Example 10 above and 18 lull of the mix were placed in 18 
tubes. After cooling for 15 minutes, 2 till of the various 
hybridization Solutions containing probes 8, and probes 8m1 
through probe 8m3 were added to the tubes and the tubes 
were placed in a 37 C. heating block. 

0606. After a 15 minutes incubation at 37° C. of the 
hybridization mixes in the reaction master mix, 20 till of the 
reaction were added to 100 u, L/L reagent (Promega, 
F202A) and the light output of the reaction measured 
immediately in a Turner(R) TD20/20 luminometer. The fol 
lowing data were obtained. 

RNA 
Probe (+/-) Light Units Average 

Probe 8 -- 29.1 28.7 25.2 27.66 
Probe 8 5.0 4.3 5.9 5.1 
Probe 8m1 -- 2.5 2.5 2.5 2.5 
Probe 8m1 2.3 2.2 2.4 2.3 
Probe 8m2 -- 7.4 7.1 5.9 6.8 
Probe 8m2 2.O 2.1 2.1 2.1 
Probe 8m3 -- 3.4 2.5 2.4 2.8 
Probe 8m3 2.1 2.1 1.9 2.0 
(no probe) -- 2.3 2.2 2.1 2.2 

0607. These data again demonstrate that if the 3' base of 
a probe is not able to hybridize to the corresponding base on 
an RNA target, it will not provide a Strong light signal after 
the pyrophosphorylation reaction as described above. These 
data also demonstrate that this method can be used to 
determine if the terminal base of a probe does complement 
the expected base in the target RNA, and thus can be used 
to confirm that the target RNA base at the site of pyrophos 
phorylation initiation is as expected. 
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Probe 6 SE D 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO. 53 AT3' 

Probe 8 SE D 5' GGGTCCATGGGTAGACAACCAGCAGC3' 

Probe 6m1 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO: 56 AA 3' 

Probe 6m2 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO: 57 AG 3' 

SE D 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO: 58 AC 3' 

Probe 6m3 

Probe 8m1 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCAGA3' 

Probe 8m2 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCAGG3' 

Probe 8m3 SE D 5' GGGTCCATGGGTAGACAACCAGCAGT3' 

EXAMPLE 1.4 

Mutation Detection Using Probes to Target Globin 
MRNA if2: Detection of Mismatched Bases 

Penultimate to the 3' End of the Probe Sequence 

0608 Because Example 13 shows that a mismatch at the 
3' end of a probe can be detected by the absence of a light 
Signal under conditions permitting pyrophosphorylation, a 
series of probes corresponding to Probe 6 (SEQ ID NO:53) 
and Probe 8 (SEQ ID NO:55) were made that had altered 
bases at the penultimate base from the 3' end of the probe 
Sequence. 

0609. The probes 6m4, (SEQ ID NO:62), 6m5 (SEQ ID 
NO:63) and 6m6 (SEQ ID NO:64) were dissolved in 1x TE 
buffer (10 mM Tris, 1 mM EDTA) to a concentration of 500 
ng/dL. 

0610 Hybridization solutions containing probe 6 and 
probe 6m4 through probe 6m6 or probe 8 and probes 8m4 
(SEQ ID NO:65), 8m5 (SEQ ID NO:66), and 8m6 (SEQ ID 
NO:67), were assembled by adding 5 uL of 20 ng/ull of 
globin mRNA (Gibco BRL catif 18103-028) or Tris-Cl 
buffer. The Solutions were heated at 50 C. for 15 minutes 
and then permitted to cool to room temperature for 15 
minutes to hybridize and form a treated Sample. 

0611 Reaction master mix was assembled as in Example 
10 above and 18 till of the mix were placed in 18 tubes. After 
cooling for 15 minutes, 2 till of the various hybridization 
Solutions containing probe 6 through probe 6m6 were added 
to the tubes and the tubes were placed in a 37 C. heating 
block. 

0612. After a 15 minutes incubation at 37° C. of the 
hybridization mixes in the reaction master mix, 20 till of the 
reaction were added to 100 u, L/L reagent (Promega, 
F202A) and the light output of the reaction measured 
immediately. The following data were obtained. 
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Probe RNA (+/-) Light Units Average 

Probe 6 -- 138.6 1116 116.O 122.1 
Probe 6 14.67 12.28 9.57 12.17 
Probe 6.m4 -- 7.21 6.82 7.46 7.16 
Probe 6.m4 6.24 5.90 6.28 6.14 
Probe 6m5 -- 1997 1930 16.8O 18.69 
Probe 6m5 6.27 6.23 6.23 6.23 
Probe 6m6 -- 8.22 6.92 7.02 7.39 
Probe 6m6 6.40 6.32 5.98 6.23 
(no probe) -- 4.91 7.59 5.14 6.24 

0613 Reaction master mix was assembled as in Example 
10 and 18 ul of the mix were placed in 18 tubes. After 
cooling 15 minutes, 2 till of the various hybridization 
Solutions containing probe 8 through probe 8m6 were added 
to the tubes and the tubes were placed in a 37 C. heating 
block. 

0614. After a 15 minute incubation at 37° C. of the 
hybridization mixes in the master mix, 20 till of the reaction 
were added to 100 uLL/L reagent (Promega F202A) and the 
light output of the reaction measured immediately. The 
following data were obtained. 

Data Table 

Probe RNA (+/-) Light Units Average 

Probe 8 -- 71.24 55.85 76.33 67.81 
Probe 8 12.65 10.15 6.96 9.91 
Probe 8m4 -- 5.10 5.48 5.31 5.30 
Probe 8m4 4.76 5.08 5.04 4.96 
Probe 8m.5 -- 5.60 5.06 5.61 S.42 
Probe 8m.5 2.63 4.42 4.88 3.98 
Probe 8m6 -- 5.68 6.13 5.79 5.87 
Probe 8m6 4.72 4.6O 4.84 4.72 
(no probe) -- 5.33 4.64 4.18 4.72 

0615. These data demonstrate that if the penultimate base 
to the 3' end of a probe is not able to hybridize to the 
corresponding base on a target RNA, Very little pyrophoS 
phorolysis occurs and a Strong Signal is not generated. These 
data also demonstrate that this method can be used to 
determine if the penultimate base of a probe does comple 
ment the expected base in the RNA and thus can be used to 
confirm that the RNA base at the site of the penultimate base 
of the probe is as expected. 

Probe 6 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO. 53 AT3' 

Probe 8 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCAGC3' 
NO. 55 

Probe 6m.4 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO 62 CC3" 

Probe 6m5 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO 63 GC3' 

Probe 6m8 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO 64 TC3" 
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Probe 8m.4 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCACC3' 

NO 65 

Probe 8m.5 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCATC3" 
NO 66 

Probe 8m6 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCAAC3' 
NO 67 

EXAMPLE 1.5 

Effect of Mismatch Location on the Signal Derived 
from Pyrophosphorylation of a Probe to a Known 

Target RNA 
0616. Because probes that are mismatched at the 3'-ter 
minal base or the penultimate 3'-base do not give a light 
Signal following incubation in the pyrophosphorylation 
reaction conditions given in Examples 13 and 14 above, the 
following Study was performed to determine if a mis 
matched base further within the probe Sequence could affect 
the light signal generated from pyrophosphorylation reac 
tions. 

0617) Probes 6m7 (SEQ ID NO:68), 6m8 (SEQ ID 
NO:69), 6m9 (SEQ ID NO:70) and 6m 10 (SEQID NO:71), 
and probes 8m7 (SEQ ID NO:72), 8m8 (SEQ ID NO:73) 
and 8m9 (SEQ ID NO:74) were dissolved and diluted in 
water to 1 mg/mL. Globin mRNA (Gibco BRL Product 
number #18103-010, lot KB6705) was dissolved in 10 mM 
Tris-Cl, pH 7.3 buffer at a concentration of 20 ng?u . Ten 
microliter hybridization reactions were assembled by mix 
ing 5 ul of Probes 6 (SEQ ID NO:53), 6m 1 (SEQ ID 
NO:56), 6m6 (SEQ ID NO:64), and 6m7 through 6m10, 8, 
(SEQ ID NO:55), 8m3 (SEQ ID NO:61), 8m5 (SEQ ID 
NO:66) and 8m7-9 with 5 uL of target globin mRNA 
Solution. Control mock hybridization Solutions were also 
made by mixing 5 lull of the probes listed above with 5 till 
10 mM Tris-Cl pH 7.3 and an RNA alone control made by 
mixing 5 till target globin mRNA solution with 10 mM 
Tris-Cl pH 7.3. All of these solutions were heated at 50° C. 
for 15 minutes, and then were permitted to cool to room 
temperature for 15 minutes to hybridize and form treated 
Samples. 

0618. A master reaction mix was made that contained the 
following per reaction assembled: 

Nanopure water 10.5 uL 
5 x MMLV-RTBuffer 4.0 itL 
40 mM Sodium Pyrophosphate 0.5 uL 
NDPK (0.1 UuL) 1.0 itL 
ADP (2 uM) 1.0 itL 
MMLV-RT enzyme 1.0 itL 

0619 Triplicate reactions were formed for each hybrid 
ization Solution, probe control Solution and target globin 
RNA solution. Each of these solutions was formed by adding 
two microliters of each Solution to 18 ul of master reaction 
mix, mixing and incubating the resulting Solution at 37 C. 
for 20 minutes. After this incubation, each Solution was 
added to 100 uL of L/L reagent (Promega, F202A) and the 
light output of the Solution So formed was read immediately 
using a Turner(R) TD20/20 luminometer. 
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0620. The following data were obtained: 

Mismatch 
Hybridization Location From Light Net 
Solution Probe 3' End Values Average Average 

Probe 6 + Globin Ole 284.9, 283, 289.3 268.7 
mRNA 3OO.O 
Probe 6 - Globin Ole 20.5, 20.7 20.7 
mRNA 20.8 
Probe 6m1 + Globin 1 (terminal) 6.5, 6.3 6.4 1.3 
mRNA 6.3 
Probe 6m1 - Globin 1 (terminal) 5.2, 5.1 5.1 
mRNA 5.1 
Probe 6m 6 + Globin 2 10.7, 11.5 11.6 6.6 
mRNA 12.7 
Probe 6m6 - Globin 2 5.2, 4.9 5.0 
mRNA 4.8 
Probe 6m7+ Globin 3 33.3, 30.5 31.7 27.0 
mRNA 31.3 
Probe 6m7 - Globin 3 4.4, 4.9 4.7 
mRNA 4.7 
Probe 6m8+ Globin 4 38.7, 37.7 37.8 33.O 
mRNA 37.1 
Probe 6m8 - Globin 4 4.9, 4.8 4.8 
mRNA 4.8 
Probe 6m8 + Globin 5 68.3, 66.1 67.1 62.1 
mRNA 66.8 
Probe 6mg - Globin 5 5.0, 4.9 5.0 
mRNA 5.1 
Probe 6m10 + Globin 6 37.9, 35.6 36.5 31.6 
mRNA 36.0 
Probe 6m10 - Globin 6 4.9, 4.9 4.9 
mRNA 5.0 
Probe 8 + Globin Ole 144.1, 156.3 122.5 
mRNA 159.0, 

165.9 
Probe 8 - Globin Ole 33.7, 33.6 33.8 
mRNA 34.1 

Probe 8m3 + Globin 1 (terminal) 6.2, 6.3 6.2 1.O 
mRNA 6.2 

Probe 8m3 - Globin 1 (terminal) 5.3, 5.1 5.2 
mRNA 5.1 
Probe 8m.5 + Globin 2 6.4., 6.2 6.3 1.1 
mRNA 6.2 
Probe 8m.5 - Globin 2 4.9, 4.8 5.2 
mRNA 6.O 
Probe 8m7+ Globin 3 8.3, 8.2 8.0 3.1 
mRNA 7.6 
Probe 8m7 - Globin 3 4.9, 4.9 4.9 
mRNA 5.0 
Probe 8m8+ Globin 4 27.12, 26.4 26.7 21.9 
mRNA 26.5 
Probe 8m8 - Globin 4 4.9, 4.7 4.8 
mRNA 4.7 
Probe 8m9 + Globin 5 42.5, 43.7 43.8 -7.3 
mRNA 45.3 
Probe 8m9 - Globin 5 53.9, 50.1 51.1 
mRNA 49.4 
Globin mRNA la 5.7, 5.8 5.7 
Alone 5.5 
No Probe, No la 5.2, 5.2 5.2 
RNA 5.3 

0621. These data indicate that even mismatches as far as 
6 base pairs from the 3' end of the probe can significantly 
reduce the light output from probe pyrophosphorylation 
reactions where an RNA target and MMLV-RT are used in 
the reaction. Thus, Such a reduction can be used to indicate 
that a mutation has taken place in a region of an RNA at least 
6 base pairs in length. 
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Probe 6 SE D 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO. 53 AT3' 

Probe 8 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCAGC3' 

Probe 6m1 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
AA 3' 

Probe 6m8 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACC 
NO 64 TC3" 

Probe 6mi SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCACT 
A 3' 

Probe 6m8 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCATC 
NO 69 AT 3' 

Probe 6m8 SEQ ID 5' AGACTTCTCCTCACTGGACAGATGCTCC 
NO 70 AT 3' 

Probe SEQ ID 5' AGACTTCTCCTCACTGGACAGATGTACC 
6m.10 NO 71 AT 3' 

Probe 8m3 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCAGT3' 

Probe 8m.5 SEQ ID 5' GGGTCCATGGGTAGACAACCAGCATC3" 

Probe 8mi SEQ ID 5' GGGTCCATGGGTAGACAACCAGCTGC3' 

Probe 8m.8 SEQ ID 5' GGGTCCATGGGTAGACAACCAGTAGC3' 

Probe 8m 9 SE D 5' GGGTCCATGGGTAGACAACCATCAGC3' 

EXAMPLE 16 

Detection of Target DNA Using a Probe 

0622. This study is designed to demonstrate that specific 
target DNA sequences can be detected by denaturing the 
target DNA in the presence of a short oligonucleotide probe 
that encodes a nucleotide Sequence that can hybridize to the 
target DNA, permitting the Solution containing the dena 
tured DNA mixture to cool to form probe: target hybrid and 
a treated Sample, and performing a pyrophosphorylation 
reaction on the solution followed by transfer of the terminal 
phosphate of the nucleoside triphosphates produced to ADP 
to form ATP. The ATP produced is measured using a 
luciferase/luciferin reaction. 

0623 Two microliters of a 1 mg/mL DNA solution of a 
plasmid containing the kanamycin resistance gene was incu 
bated with 5 till buffer K (Promega Corp), 4 ul of Endo 
nuclease Sph I (10U?ul, Promega Corporation), and 39 uL 
nuclease-free water for 1 hour at 37 C. The Solution was 
then incubated at 70° C. for 10 minutes to inactivate the 
endonuclease. The final solution was labeled as Sph I-di 
gested pKAN (40 ng?u). 

0624. The following solutions were assembled: 

0625) Solutions 1 and 2: 
0626 2 ul Sph I digested PKAN 

0627 18 till nuclease-free water 
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0628 Solutions 3 and 4: 
0629) 1 uL 1 mg/mL Probe 1 (SEQ ID NO:48) 
0630 19 till nuclease-free water 

0631 Solutions 5 and 6: 
0632 2 ul Sph I digested pKAN 
0633) 1 uL 1 mg/mL Probe 1 
0634 17 till nuclease-free water. 

0635. These solutions were heated at 95° C. for 3 min 
utes, and were cooled to room temperature in approximately 
10 minutes by placing them on a laboratory bench to form 
hybrids and treated Samples. 
0636 A 2x Master Mix was assembled as follows: 

0637 40 uL 10x DNA Polymerase buffer (Promega, 
M195A) 

0638) 10 ul 40 mM Sodium Pyrophosphate 
0639) 10 ul (10 U?ul ) Klenow exo minus DNA Poly 
merase (Promega, M128B) 

0640 2 ul NDPK at a concentration of 1 Uful 
0641 4 uL 10 uM ADP 
0642) 134 till nuclease-free water 

0643. The Master Mix components were mixed and 20 
till 2x Master Mix were added to each of the solutions heated 
to 95 C. after they had cooled to room temperature. The 
reactions were then heated to 37 C. for 20 minutes, and then 
4 till of the reaction were added to 100 till of L/L reagent 
(Promega F202A) and the light produced by the reaction 
was immediately measured using a Turner(R 20/20 lumi 
nometer. The following data were obtained. 

Reaction Light Output 

#1 5.1 
#2 4.6 
#3 2.2 
#4 2.O 
#5 423.4 
#6 430.5 

0644. These results show that a strong light signal can be 
produced from reactions containing a target DNA sequence, 
a probe that hybridizes to this DNA sequence, and Klenow 
eXO minus. Note that the Signal produced is far greater when 
all the components are present than when either the target 
DNA or probe is not present in the reaction. 

Probe 1 SEQ ID NO : 485 " GCAACGCTACCTTTGCCATGTTTC 
3 

EXAMPLE 1.7 

Identification of a Target DNA Sequence in 
Plasmid DNA by Use of Probes that Hybridize to 

that DNA 

0645. The previous Example illustrates that a pyrophos 
phorylation reaction can be used to detect Specific target 
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DNA sequences with probes that hybridize to the target 
Sequence. Previous examples demonstrate that Such a reac 
tion can also be used to detect mutations in RNA sequences 
if probes are designed to identify the base pair present at the 
3' end of the probe. This example illustrates an analogous 
reaction using DNA as a target that is hybridized with a 
probe prior to the pyrophosphorylation reaction. 

0646 The following solutions were assembled with 
Probe 1 (SEQ ID NO:48), Probe 2 (SEQ ID NO:49), Probe 
3 (SEQ ID NO:50), or Probe 4 (SEQ ID NO:51): 

pKAN DNA Water* 
Solution (uL) ProbefulL (uL) 

1 and 2 1. 19 
3 and 4 1. 1 ul Probe 1 18 
5 and 6 1. 1 ul Probe 2 18 
7 and 8 1. 1 ul Probe 3 18 
9 and 10 1. 1 ul Probe 4 18 

Nuclease free water. 

0647. These solutions were heated at 95°C. for 3 minutes 
and cooled to room temperature for 10 minutes to form 
hybrids and a treated sample. A 2x Master Mix was 
assembled and mixed as described in Example 16, and 20 till 
of this Master Mix were added to each of the Solutions 
above. These reactions were incubated at 37 C. for 20 
minutes, and then 4 till of each Solution were added to 100 
uLL/L reagent (Promega F202A) and the light production of 
the resulting reaction was immediately measured using a 
Turner(E) 20/20 luminometer. The following data were 
obtained. 

Reaction Light Units 

#1 2.2 
#2 2.3 
#3 227.5 
#4 225.8 
#5 28.1 
#6 27.1 
#7 17.9 
#8 18.3 
#9 21.6 

#10 21.6 

0648. These data demonstrate that probes that exactly 
match a target DNA sequence present on a plasmid give 
much higher light signals than do probes that contain a 
mismatch at the 3' end of the probe. Because the probe can 
be designed to match the base expected at the Site, a drastic 
drop in this signal can indicate that the expected base is not 
present at the Site. This System then can be used to detect 
mutations in target DNA that alter a base from an expected 
Sequence to another base. 

Probe 1 SEQ ID NO : 485 " GCAACGCTACCTTTGCCATGTTTC 3' 

Probe 2 SEQ ID NO : 495 ' GCAACGCTACCTTTGCCATGTTTG 3' 

Probe 3 SEQ ID NO : 505 " GCAACGCTACCTTTGCCATGTTTA 3" 

Probe 4 SEQ ID NO : 515 ' GCAACGCTACCTTTGCCATGTTTT 3" 
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EXAMPLE 1.8 

Initial Detection Limit For Plasmid Target DNA by 
Use of Probe Pyrophosphorylation 

0649. In the previous two examples, plasmid target DNA 
was specifically detected using probes that hybridized to a 
target Sequence in the DNA. In this example, a titration of 
target DNA is carried out in the pyrophosphorylation reac 
tion to determine the level of DNA needed to obtain a signal 
from this reaction. 

0650) The Sph I cut target pKAN DNA (40,000 pg/uL) 
was Serially diluted using nuclease-free water to obtain 
concentrations of 10,000, 2,500, 625, 156 and 39 pg/ul. 
Duplicate Solutions containing 1 u, each of these DNA 
target solutions, 1 uL Probe 1 (SEQ ID NO:48) and 18 uL 
nuclease-free water were assembled as were a pair of 
Solutions containing 1 till Probe 1 and 19 till of nuclease-free 
water. All of these solutions were heated at 95 C. for 3 
minutes and then cooled for 10 minutes to room temperature 
to permit hybridization and form a treated Sample. A 2x 
master mix was made as described in Example 16 and 20 till 
of the mix were then added to all tubes and the tubes 
incubated at 37 C. for 20 minutes. Asample containing 4 till 
of the solution was then added to 100 till of L/L reagent 
(Promega, F202A) and the light measured using a Turner(R) 
20/20 luminometer. The following results were obtained. 

Data Table 

Reaction DNA Assayed Light Units 

#1 4000 pg 168.4 
#2 4000 pg 1694 
#3 1000 pg 57.7 
#4 1000 pg 77.9 
#5 250 pg 19.3 
#6 250 pg 21. 
#7 62.5 pg 6.3 
#8 62.5 pg 6.4 
#9 15.6 pg 2.4 

#10 15.6 pg 2.3 
#11 3.9 pg 1.4 
#12 3.9 pg 1.4 
#13 Opg 1. 
#14 Opg 1.4 

This number reflects that relative amount of DNA transferred to LAL 
solution. 

0651. These data demonstrate that the detection limit for 
DNA by this reaction under these conditions is at least about 
62.5 pg of DNA and is more likely about 15.6 pg of DNA 
or less. 

Probe 1 SEQ ID NO : 845 ' GCAACGCTACCTTTGCCATGTTTC 
3 

EXAMPLE 1.9 

Detection of 3-Galactosidase Target Sequences in 
Plasmids 

0652) In this example, two probes are used that comple 
ment each other exactly. One of the probes matches the 
Sequence of the f-galactosidase gene exactly (Sense orien 
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tation) and the other probe exactly matches the complemen 
tary Strand (antisense orientation) of that gene. This example 
demonstrates that, whereas both probes can be used to detect 
the presence of the target B-galactosidase gene in plasmid 
DNA, the level of background Signal given by reactions 
containing only probe DNA can be very different. 

0653) Probe 23 (SEQ ID NO:75) and Probe 24 (SEQ ID 
NO:76) were dissolved as described above to a concentra 
tion of 500 ng/ull and then diluted in nuclease-free water to 
100 and 20 ngfulL. Plasmid pGEM7zf-- (Promega) was 
digested with Sac I (Promega) as the target and diluted to 
give a Solution containing 20 ng of plasmid target DNA/ull 
of Solution. 

0654 The following solutions were assembled: 

Plasmid 
DNA Probe, HO 

Solution (uL) Concentration (uL) 

#1 1. (none, 1 uL of 1 x TE 18 
buffer added) 

#2 O 1 uL Probe 23, 500 ngfulL 19 
#3 O 1 uL Probe 23, 100 ngfulL 19 
#4 O 1 uL Probe 23, 20 ng?u L 19 
#5 1. 1 ul Probe 23, 500 ngfulL 18 
#6 1. 1 uL Probe 23, 100 ngfulL 18 
#7 1. 1 uL Probe 23, 20 ng?u L 18 
#8 O 1 uL Probe 24, 500 ngfulL 19 
#9 O 1 uL Probe 24, 100 ngfulL 19 

#10 O 1 uL Probe 24, 20 ngfulL 19 
#11 1. 1 uL Probe 24, 500 ngfulL 18 
#12 1. 1 uL Probe 24, 100 ngfulL 18 
#13 1. 1 uL Probe 24, 20 ngfulL 18 

0655 These solutions were heated at 95° C. for 3 min 
utes, and cooled to room temperature to form hybrids and 
treated samples. Then, 20 till of 2x Master Mix made as 
described in Example 16 were added and the solutions 
incubated for another 20 minutes at 37 C. Four microliters 
of each solution were then added to 100 u of L/L reagent 
(Promega, F202A) and the light output of the reaction 
immediately measured using a Turner(RTD20/20 luminom 
eter. 

0656. The following data were obtained. 

Reaction Light Output Net Light Output 

#1 2.8 
#2 4.0 
#3 1.9 
#4 1.3 
#5 52.4 45.6 
#6 13.6 8.9 
#7 4.1 O 
#8 34.3 
#9 6.6 
#10 1.7 
#11 59.8 22.7 
#12 19.3 9.9 
#13 6.O 1.5 

*Net light output is calculated by subtracting the probe alone and DNA 
alone values from that obtained with both components present. 

0657 These data indicate that both probes can be used to 
generate a Signal indicating the presence of the target region 
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encoding the B-galactosidase gene matching the probes is 
present in the plasmid. They also demonstrate that the level 
of Signal produced with a probe in the absence of target DNA 
can vary and that the Signal from a probe and the comple 
ment of that probe are not necessarily equal. 

Probe 23 SEQ ID 5' CAGTCACGACGTTGTAAAACGACGGCC 
NO 75 AGT3' 

Probe 24 SEQ ID 5'ACTGGCCGTCGTTTTACAACGTCGTGA 
NO 76 CTG3' 

EXAMPLE 2.0 

Detection of Specific Target DNA Sequences on 
Lambda DNA 

0658. In this example, detection of the target B-galactosi 
dase gene in the DNA of a recombinant Lambda phage is 
demonstrated. 

0659 Duplicate solutions were made that contained: 
Solution 1 and 2, 1 till 300 ng/ull of Lambda gt11 DNA and 
19 till of nuclease-free water; Solution 3 and 4, 1 till 500 
ng?u L Probe 23 (SEQ ID NO:75) and 19 ul nuclease-free 
water; Solution 5 and 6, 1 til 300 ng/ul Lambda gt11 DNA, 
1 tul 500 ng?u Probe 23, and 18 till of nuclease-free water. 
All of these solutions were heated at 95 C. for 3 minutes 
and then cooled to room temperature for 10 minutes to 
permit hybridization to occur between complementary 
Strands and form treated Samples. At this point, 20 ul of 2x 
master mix made as described in Example 16 were added 
and the solutions incubated for another 20 minutes at 37 C. 
A4u.L. Sample of each pyrophosphorolysis reaction was then 
taken and added to 100 uL of L/L reagent (Promega, F202A) 
and the light production of the Solution immediately mea 
sured with a Turner(RTD20/20 luminometer. The following 
data were obtained. 

Reaction DNA Components Light Units 

#1 Target Lambda DNA 16.5 
#2 Target Lambda DNA 7.4 
#3 Probe 23 2.9 
#4 Probe 23 2.9 
#5 Target Lambda DNA 88.1 

and Probe 23 
#6 Target Lambda DNA 70.4 

and Probe 23 

0660 These data indicate that the pyrophosphorylation 
System can be used to detect a probe hybridized to specific 
target Sequences on lambda gt11 DNA. 

Probe 23 SEQ ID 5' CAGTCACGACGTTGTAAAACGACGGCCAGT3' 
NO 75 

EXAMPLE 21 

Probe Dependent Detection of A PCR Product by 
Pyrophosphorolysis 

0661. A 613 bp POR product was synthesized by reverse 
transcription PCR (RT-PCR) from a 1.2 kb synthetic RNA 
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corresponding to the kanamycin resistance gene in plasmid 
pKanDeltaCG (Promega). The RNA was synthesized using 
a commercial kit from Ambion (MMESSAGE mMACHINE 
SP6 Kit Catil 1340) Austin, Tex. PKanDeltaCG was first 
linearized with EcoRI to enable a run-off transcript to be 
made. The plasmid was digested for one hour at 37 C. in the 
following reaction: 

25 uL 1 mg/mL pKan DeltaCG 
10 uL 10 x Multi-Core Buffer (Promega R999A) 
5 uL 80 UfulL EcoRI (Promega R6011) 
60 uL water 

100 uL 

0662 Ten microliters 5M NaCl were added to the EcoR 
I digested DNA and the reaction was extracted with 110 till 
phenol:chloroform:isoamyl alcohol (49:49:2, Promega, 
Z529A). The Supernatant was precipitated with two volumes 
ethanol, and the pellet vacuum-dried and dissolved in 30 till 
of TE buffer (10 mM Tris-HCl pH 8, 1 mM EDTA). The 
concentration of the digested plasmid was then adjusted to 
0.5 mg/mL by the addition of TE buffer. 

0663 The kanamycin transcript was generated in the 
following reaction: 

16 itL RNase-free water (Ambion, 991OG) 
8 itL 10 x Transcription Buffer (8153G) 

40 itL 2 x Ribonucleotide Mix (8055G) 
8 itL EcoRI cut plasmid (4 ug) 
8 itL 10x Enzyme Mix (2079G) 

80 uL 

0664) The reaction was incubated at 37 C. for one hour. 
Most of the synthesized RNA contains a cap structure at the 
5' end (GpppG) because a cap analogue was present in the 
Ribonucleotide Mix. Following completion of the reaction, 
4 uL DNase I (Ambion, 2226G) were added and incubation 
continued for another 15 minutes at 37 C. One hundred 
twenty microliters of water and 100 till of LiCl Precipitation 
Solution (Ambion, 94.80G) were then added. The reaction 
was chilled at -20° C. for 30 minutes and centrifuged in a 
microcentrifuge at 14,000 rpm for 15 minutes. The pellet 
was washed once in 70% ethanol and dissolved in 50 till of 
water. The concentration of the RNA was determined spec 
trophotometrically assuming that a 1 mg/mL Solution would 
provide an absorbance of 25 at 260 nm. 

0.665. The RNA was first prepared by attaching a small 
RNA oligonucleotide at the 5' end that served as a PCR 
anchor. In this way the entire 5' end of the RNA could be 
amplified by the PCR. Prior to the ligation of this RNA oligo 
to the kanamycin RNA, the kanamycin RNA was first 
treated with calf intestinal alkaline phosphatase (CIAP) and 
tobacco acid pyrophosphatase (TAP). The phosphattase Step 
makes unavailable for the ligation pathway any RNA mol 
ecules that do not contain a 5' cap. Once the phosphatase is 
removed, the cap itself is removed with TAP. The synthetic 
kanamycin RNA was treated with CIAP in the following 
reaction: 
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0.6 uL 850 tug/mL total Mouse Liver RNA 
(Promega F160A) 

1 itL 5 pgfulL capped Kanamycin RNA 
5 uL 10x CIAP buffer 
1 itL 40 UuL rRNasin (R) (Promega N251E) 
2 itL 1. U?uL CIAP 

40.4 itL water 

50 uL 

0666 Following a one-hour 37 C. incubation, 250 till 
water, 75 it 10 M ammonium acetate and 375 till phe 
nol:chloroform:isoamyl alcohol (49:49:2) were added. The 
reaction was Vortexed and phases Separated by a 5 minute 
centrifugation in a microcentrifuge. The Supernatant (350 
AiL) was removed and the extraction repeated. The Superna 
tant was precipitated by the addition of 900 till ethanol and 
centrifuged 5 minutes. Following a 70% ethanol wash, the 
pellet was dissolved in 43.5 till water. To the CIAP-treated 
RNA were added: 

0667 5 uL 10x TAP buffer (Epicentre) 
0668) 1 uL 40 U?ul rRNasin(R) 
0669] 1 uL 0.1. U?ul TAP (Epicentre, T19500) 
0670) Following a one-hour incubation at 37° C., the 
reaction was extracted and precipitated as above and the 
pellet dissolved in 13 lull of water. To that solution were then 
added: 

0671) 
0672) 
0673) 
0674) 
0675) 
0676 and the reaction was incubated overnight (about 18 
hours) at 16° C. 

0677 10x CIAP buffer: 100 mM Tris-HCl pH 8, 100 
MM MgCl, 0.5 M NaCl, 10 mM DTT 

0678 10x TAP buffer: 0.5M sodium acetate pH 6, 10 
mM EDTA, 1% beta-mercaptoethanol, 0.1% Triton 
X-100 

0679) 10x RNA Ligase buffer: 0.5 M Tris-HCl pH 8, 
100 mM MgCl, 0.68% beta-mercaptoethanol, 10 mM 
ATP 

4 u 10x RNA Ligase buffer 
1 till 0.25 ug/ull RNA oligo 30-mer 
1 uL 40 U?ul rRNasin(R) 
1 uL 10 U?uL RNA Ligase (Promega, M1051) 
20 uL 40% polyethylene glycol (SigmaP-2139) 

0680 Following the ligation step, 250 till of water, 75 till 
of 10 Mammonium acetate and 900 till ethanol were added 
to the reaction. The mixture was Vortexed and then centri 
fuged 20 minutes in a microcentrifuge at 14,000 rpm at 4 
C. The pellet was washed in 70% ethanol and dissolved in 
15 till water. CDNA was first synthesized from the RNA 
prior to PCR. To the RNA was added 1 lull (50 pmoles) of 
a CDNA synthesis probe (SEQ ID NO:81) and the mixture 
heated at 70° C. for 5 minutes, then cooled to room tem 
perature for 10 minutes. To the RNA/probe mix were added: 

0681 5uIL5x First Strand buffer (Promega, C121A) 
0682 1 uL 40 U?ul rRNasin(R) 
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0683 2.5 till 40 mM sodium pyrophosphate 
(Promega, C113A) 

0684 1 at 25 U?ul AMV reverse transcriptase 
(Promega, M5108) 

0685. The reaction was incubated for 1 hour at 42° C. and 
then terminated by the addition of 0.5ulLof 0.5M EDTA and 
74 uL water. To 5 ul of the cDNA (SEQ ID NO:77) were 
added: 

0686) 5 uL 10x. Thermophilic buffer (Promega, 
M190G) 

0687) 5uL 10x PCR dNTP 
0688 5ul 25 mM MgCl (Promega, A351H) 
0689) 1 uL 320 ug/mL upstream probe(SEQ ID 
NO:78) 

0690) 26.5 uL water 
0.691. The reaction was mixed and covered with 50 till 
mineral oil. The mixture was put into a thermalcycler 
(Perkin-Elmer Model 480) at 95° C. After 2 minutes, 1 uL 
of 5 U?ul Tag DNA polymerase (Promega, M166B) was 
added and the reaction cycled 95 C. for 1 minute, 43 C. for 
1 minute, 72 C. for 2 minutes for 5 cycles and then brought 
to 85 C. Then, 1 till of 320 tug/ml of downstream probe 
(SEQ ID NO:79) was added and the reaction cycled 95° C. 
for 30 seconds, 55° C. for 30 seconds, 72 C. for 1 minute 
for 30 cycles followed by 5 minutes at 72° C. then 4°C. 10x 
PCR dNTP: 1 mM each of dATP, dGTP, dCTP and dTTP 
The PCR reaction generated a 613 bp product. To remove 
unincorporated probes and dNTP, a 15 ul aliquot of the PCR 
reaction was purified with Promega's Wizard TM PCR Preps 
(A7170) according to kit instructions. The concentration of 
the purified PCR product was determined by a pyrophos 
phorolysis assay. A Master Mix (MM) was assembled con 
taining the following components: 

20 uL 10 x Buffer A (Promega, R001A) 
2 it 40 mM sodium pyrophosphate 
2 it 10 uMADP (Sigma A5285) 
5 uL 1 U?ul NDPK (Sigma NO379) 

151 uL water 

180 uL 

0692 This mix was used in reactions containing control 
PhiX 174 HinF I DNA standard (Promega G175A) or 
aliquots of the PCR reaction, with and without added 4 
DNAP (10U). The PCR reaction was diluted 10x TE buffer 
(10 mM Tris, 1 mM EDTA) for use in the assay. The results 
are shown below. 

Phix 
1 ngfulL DNA PCR T4 DNAP LU 

1. 18 uL -- O.950 
2 18 it.L. 1 itL -- 44.92 
3 18 itL 2 itL -- 68.86 
4 18 uL 3 ul. -- 90.88 
5 18 uL 1 it 1.244 
6 18 uL 2 it 1.388 
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-continued 

Phix 
1 ngfulL DNA PCR T4 DNAP LU 

7 18 uL 1 it -- 47.97 
8 18 uL 2 it -- 68.69 

0693 Light units (LU) generated resulted from adding 2 
All of reaction mixes to 100 ul of L/L reagent and measuring 
on a Turner(E) TD20/20 luminometer. 

0694 AS can be seen, the PhiX 174 HinF I DNA pro 
duced a light Signal that was proportional to the amount of 
DNA added. The concentration of the ten-fold diluted PCR 
reaction is almost exactly that of the DNA standard, so the 
undiluted PCR product DNA is at a concentration of 10 
ng?u.L. Note that only background light units are seen for the 
reactions that contained the PCR product but no T4 DNAP. 
This indicates essentially complete removal of the dNTPs 
during clean-up on the WizardTM resin. 
0695) Next, the PCR product was detected by hybridizing 
and pyrophosphorolyzing a probe that bound to internal 
Sequences. The Sequence of the probe was 

5' GCAACGCTACCTTGCCATGTTTC 3' (SEQ ID NO:80) 

0696 For this purpose it was found most suitable to use 
the Klenow exo-polymerase (Promega, M218B) in place of 
T4DNAP. A 2x Master Mix (MM) was assembled as below: 

60 uL 10 x DNAP buffer (Promega, M195A) 
15 uL 40 mM Sodium Pyrophosphate 
15 uL 10 UEuL Klenow exo- polymerase 
3 utL 1. U?uL NDPK 
6 till 10 uM ADP 

201 uL water 

300 uL 

0697 PCR product (between 0 and 20 ng) was mixed (or 
not) with 1 u, of 1 ug?u probe and water as shown below. 
The mixtures were heated at 95 C. for 3 minutes and then 
permitted to cool to room temperature for 10 minutes. Then 
20 u, of 2x Master Mix were added and the reactions 
incubated for 20 minutes at 37 C. before adding 4 till to 100 
uL of L/L reagent (Promega, F202A). 

PCR Target Probe Water LU 

1. 20 ng 18 uL 37.84 
2 20 ng -- 17 uL 423.2 
3 10 ng 19 uL 16.51 
4 10 ng -- 18 uL 366.1 
5 5 ng 19 uL 7.79 
6 5 ng -- 18 uL 226.O 
7 2.5 ng 19 uL 4.994 
8 2.5 ng -- 18 uL 171.2 
9 1.25 ng 19 uL 3.176 
1O 1.25 ng -- 18 uL 85.6 
11 Ong -- 19 uL 2.656 

0698. It can be seen that substantially higher LU result 
when the probe is present along with the target DNA and that 
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this signal is not due to the probe alone (reaction 11). It is 
surprising that only a very small amount of the PCR product 
target has re-annealed to give a signal during the course of 
the asssay, even at the higher DNA amounts. The light units 
generated represent only one tenth of the DNA that was 
added to the reactions and from the data it is apparent that 
about 10 pg of the PCR product can easily be detected in a 
probe-dependent manner. 

Kanamycin RNA. Oligo 
5' AGAGUCUUGACGGAUCCAGGUACCAGUAAA 3' SEQ ID NO: 77 

Upstream probe: 
5' TGATCGTAAGAGTCTTGACGGATC 3' SEQ ID NO: 78 

Downstream probe: 
5' TCATTCGTGATTGCGCCTGAGCGA 3' SEQ ID NO: 79 

Internal Probe: 
5' GCAACGCTACCTTTGCCATGTTTC 3' SEQ ID NO: 80 

cDNA Synthesis Primer: 
5' AAATCACTCGCATCAACCAAACCG 3' SEQ ID NO: 81 

EXAMPLE 22 

Mismatch (Mutation) Detection in a Target PCR 
Product 

0699 To demonstrate base interrogation, or mismatch 
detection, four different probes were used to hybridize with 
the above PCR product. The wild-type (WT) probe was the 
same as that used in Example 9, or Probe 1 (SEQID NO:48). 
In addition, three additional probes were used that differed 
in their terminal base at the 3' end. 

0700. The WT probe (Probe 1) contained a C that 
matched to the G present on the PCR template. Three 
additional probes contained either G, A or T at the 3'-ter 
minal position (Probe 2, (SEQID NO:49), Probe 3 (SEQ ID 
NO:50) and Probe 4 (SEQ ID NO:51) respectively) and thus 
when hybridized to the template created mismatches of GG, 
GA and GT, respectively. These mismatched bases substan 
tially block pyrophosphorolysis of the hybridized probe: tar 
get, permitting determination of which base is present on the 
DNA template at that position. 
0701] A 2x Master Mix (2xMM) was prepared as in 
Example 21 and 1 lull of 10 ng/ull target PCR product were 
mixed with 1 till of 1 tug/ull probe and water or TE buffer (10 
mM Tris, 1 mM EDTA) as below. The mixtures were heated 
for 3 minutes at 95 C. then permitted to cool to room 
temperature for 10 minutes. Then, 20 u, of 2xMM were 
added, the reactions mixed and permitted to incubate for 20 
minutes at 37 C. to hybridize and form treated samples 
prior to adding 4 till of each to 100 till of L/L reagent 
(Promega, F202A) and measuring the resulting light units 
produced. 

Target PCR/ Water TE 
Probe # (uL) (uL) LU 

1. +f- 18 1. 21.82 
2 -1 19 2.628 
3 +f1 18 322.1 
4 +f- 18 1. 14.69 
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-continued 

Target PCR/ Water TE 
Probe # (uL) (uL) LU 

5 -2 19 3.277 
6 +f2 18 57.44 
7 +f- 18 1. 23.14 
8 -3 19 4,861 
9 +f3 18 40.90 
1O +f- 18 1. 14.98 
11 -fa. 19 5.899 
12 +f4 18 43.33 

0702. It can be seen that the greatest LU were obtained in 
the case of the matched probe (Probe 1). Subtracting the 
backgrounds of PCR product alone and probe alone, the 
following LU were obtained in the case of the matched and 
mismatched probes: 

Probe And Template 
Resulting In LU 

GC match 297.7 
GG mismatch 39.47 
GA mismatch 12.90 
GT mismatch 22.45 

0703. It is clear that having a probe 3'-terminal base that 
mismatches with the target dramatically reduces the rate of 
pyrophosphorolysis of the hybridized probe. 
0704. The probe alone backgrounds seen above are low 
(<10 LU). However, probes have been encountered that give 
very high backgrounds (as much as 500 LU per 100 ng 
probe). Such probes are generally complementary and 
capable of forming either Self-dimerS or hairpin Structures 
leading to double-Stranded regions at their 3' ends. Such 
probes are to be avoided and can often be detected using 
various Secondary Structure prediction programs. If one Set 
of probes provides high background, it may be possible to 
use adjacent probes to the other strand with their 3' ends 
interrogating the same site. 

Probe 1 SEQ ID 5' GCAACGCTACCTTGCCATGTTTC 3' 
NO. 48 

Probe 2 SEQ ID 5' GCAACGCTACCTTGCCATGTTTG 3' 
NO. 49 

Probe 3 SEQ ID 5' GCAACGCTACCTTGCCATGTTTA 3" 
NO 5 O 

Probe 4 SEQ ID 5' GCAACGCTACCTTGCCATGTTTT 3" 
NO 51 

EXAMPLE 23 

Mutation Detection on Pseudo-PCR Product 
Synthetic Targets 

0705. In order to show base interrogation on DNA targets 
where a base has actually been changed (mutation), Syn 
thetic oligonucleotides were made that correspond to a 
region of cytomegalovirus DNA in which a mutation can be 
present that has been shown to be responsible for resistance 
to the drug gancyclovir. 
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0706 The upper strand of the wild type target corre 
sponds to sequence 1 below (SEQ ID NO:82) the bottom 
strand corresponds to sequence 2 below (SEQ ID NO:83). 
The base that is mutated is indicated in bold type. The upper 
strand of the mutant target (sequence 3 below, (SEQ ID 
NO:84)) is the same as sequence 1 but the bolded base has 
been changed from an A to a G. The bottom strand of the 
mutant target (sequence 4 below, (SEQ ID NO:85)) is the 
Same as Sequence 2 but the bolded base has been changed 
from a T to a C. 

0707. Two oligonucleotide probes were used to interro 
gate the position of the mutated base, one corresponding to 
the wild type and the other to the mutant Sequence. The 
Sequence of the wild type interrogation probe is Sequence 5 
(SEQ ID NO:86) below and the sequence of the mutant 
interrogation probe is sequence 6 below (SEQ ID NO:35). 
These probes were identified by the numbers 92.11 and 9212 
respectively. Sequence 5 differs from Sequence 6 at the 
position of the bolded base and for these probes, the mis 
matched base is three nucleotides in from the 3' end of each 
probe. 
0708. It was expected that the wild type probe would give 
the Strongest Signal on the wild type target and the mutant 
probe the Strongest Signal on the mutant target. This was 
found to be the case as demonstrated in the Study detailed 
below. 

0709 Wild type and mutant DNA targets to be interro 
gated were assembled by mixing together sequence 1 with 
Sequence 2 and Sequence 3 with Sequence 4 to a final 
concentration of 0.3 ug/mL. Interrogation probes 92.11 and 
9212 were both dissolved to a concentration of 1 mg/mL in 
TE buffer (10 mM Tris, 1 mM EDTA). Reactions were 
assembled as below and contained either target only, probe 
only or target plus probe: 

Target 9211 9212 Water 
Wild Type (uL) (uL) (uL) (uL) 
1 and 2 1. 19 
3 and 4 1. 19 
5 and 6 1. 19 
7 and 8 1. 1. 18 
9 and 10 1. 1. 18 

0710 Reactions were mixed and heated at 95° C. for 3 
minutes and then permitted to cool to room temperature for 
10 minutes on the bench to hybridize and form treated 
samples. Then 20 u, of a 2x Master Mix were added, the 
reactions incubated 20 minutes at 37 C. then 4 L of each 
were added to 100 till of L/L reagent the resulting light units 
determined in a luminometer. 

0711 Master Mix: 
0712) 60 uL 10x DNAP buffer 
0713) 
0714) 
0715) 
0716) 
0717 

15 u 40 mM sodium pyrophosphate 

15 uL Klenow exo- DNAP 
3 uL 1. U?ul NDPK 

6 uL 10 uM ADP 

201 till water 
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0718 The resulting relative light units were as follows. 

Reaction Light Units 

1.687 
1732 
4.313 
3.948 
10.54 
10.04 

220.8 
206.8 
49.67 
37.33 1. 

0719. It can be seen (1 and 2) that the DNA target itself 
yields very few LU as is the case for the interrogation probes 
alone (3 through 6). Wild type interrogation probe mixed 
with wild type target provided over 200 LU, whereas the 
mutant probe mixed with the wild type target provided leSS 
than 50 LU. After Substituting the backgrounds given by the 
target and probes alone, it can be seen that the wild type 
pronbe provided roughly five-fold more Signal on the wild 
type target than did the mutant probe. 

0720. The above study was then repeated but substituting 
the mutant DNA target for the wild type target. The resulting 
LU are shown below. 

Reaction Light Units 

1.760 
1779 
4.157 
4.316 
11.0 
10.56 
34.31 
29.53 

241.9 
264.5 1. 

0721 Again, it can be seen that background light units 
provided by target alone and probes alone are low (1-6) and 
that this time the greatest Signal was seen with the mutant 
(9212) probe instead of the wild type probe. Thus, by 
comparing the ratio of Signals obtained with the wild type 
and mutant probes, one can distinguish the wild type from 
the mutant DNA. 

PCR SEQ ID 5' CGTGTATGCCACTTTGATATTACACCCATGAAC 
Sequence NO: 82 GTGCTCATCGACGTGAACCCGCACAACGAGCT 3' 
1 

PCR SEQ ID 5' CGTTGTGCGGGTTCACGTCGATGAGCACGTTCA 
Sequence NO: 83 TGGGTGTAATATCAAAGTGGCATACACGAGCT 3' 
2 

PCR SEQ ID 5' CGTGTATGCCACTTTGATATTACACCCGTGAAC 
Sequence NO: 84 GTGCTCATCGACGTGAACCCGCACAACGAGCT 3' 
3 

PCR SEQ ID 5' CGTTGTGCGGGTTCACGTCGATGAGCACGTTCA 
Sequence NO: 85 CGGGTGTAATATCAAAGTGGCATACACGAGCT 3' 
4 
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-continued 

PCR SEQ ID 5' CACTTTGATATTACACCCATG 3' 
Sequence NO: 86 
5 (9211) 

PCR SEQ ID 5' CACTTTGATATTACACCCGTG 3' 
Sequence NO:35 
6 (92.12) 

EXAMPLE 24 

Cloning and Expression of a Gene Encoding a 
NDPK Enzyme from Thermophilic Bacteria 

Pyrococcus furiosis 

0722. The cloning and expression of a gene from the 
thermophilic bacteria Pyrococcus furiosis Pfu; Pfu 
Vcl(DSM 3638) is described in this Example. This gene 
encodes the nucleoside diphosphate kinase (NDPK) 
enzyme. The protein originates from a thermophile and 
remains active at elevated temperatures for a longer period 
of time than the corresponding protein from a mesophilic 
organism. The protein also remains active at room tempera 
ture longer than the corresponding mesophilic enzyme. If 
the protein were Stable at elevated temperature, it could 
function in combination with a thermostable polymerase in 
a pyrophosphorylation reaction, thereby eliminating the 
need to carry out Separate pyrophosphorylation and phos 
phate transfer steps as needed for the NDPK derived from 
yeast. 

0723. The amino acid sequences of known NDPKs (Gene 
129:141-146, 1993 and the NCBI sequence of NDPK from 
Pyrococcus horikoshii) were compared and segments of 
high amino acid homology identified. 
0724. Two degenerate DNA primers were designed that 
would permit the DNA between them to be amplified. These 
primers, Pf1 (SEQ ID NO:87) and Pf2 (SEQ ID NO:87), are 
shown below, and were dissolved in TE buffer (10 mM Tris, 
1 mM EDTA). A '6' in the primer sequence indicates an 
inosine that can hybridize to any base. 
0725 Chromosomal DNA from Pfu was isolated by 
resuspending frozen cell paste from a 3 mL overnight (about 
18 hours) culture pellet in 1 mL TE buffer (10 mM Tris, 1 
mM EDTA), lysing the cells by beating with zircon beads, 
followed by two phenol extractions and a chloroform extrac 
tion. The DNA in the Supernatant was then ethanol precipi 
tated, dried, and resuspended in TE buffer overnight (about 
18 hours). The resuspended DNA was treated with 20 units 
of RNaseI, reprecipitated and resuspended in TE buffer. 
0726. The Pfu genomic DNA was used in the following 
DNA amplification reaction. 

2 itL 1.5 lug Pful DNA (pre-denatured for 5 minutes 
at 99 C., then placed on ice) 

5 uL PCR buffer 
4 itL 25 mM MgCl, 
2 itL each primer Pf1 and Pf2 (200 picomoles 

each) 
1 itL 10 mM dNTP mix 

25 uL water 
1 itL Taq (5 units) 

10 uL SM betaine 
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0727 Different extension temperatures in the range from 
41° C. to 55° C. were tested in the following PCR profile: 
94° C., 2 minutes; (94° C., 15 or 40 seconds; 45° C. to 55° 
C., 45 or 90 seconds; 72° C., 1 or 2 minutes)x20; 72° C. 2 
minutes. The profile varied for the different extension tem 
peratures, with 41 C. and 43 C. extension temperatures 
having the lesser times, and the remaining extension tem 
peratures having the longer times. 
0728. The reaction products were analyzed by gel elec 
trophoresis on a 1.2% TBE agarose gel. The products of the 
reaction were detected by Staining the gel with ethidium 
bromide and photographing the gel under UV light. A300 bp 
DNA fragment was identified as the product of the reaction 
and was present to a greater extent when using extension 
temperatures from 41° C. to 47 C. The 300 bp fragment was 
gel purified (Promega, A7170) and cloned into PGEM-T 
vector (Promega, A3600). 
0729. The sequence of the insert was determined and 
found to encode an open reading frame. The translated 
amino acid Sequence of this open reading frame matched the 
protein sequence of the Pyrococcus horikoshii NDPK gene 
with 94% homology. 
0730. A hybridization probe, Pf3 (SEQ ID NO:89), was 
designed from the sequence obtained. This probe was 'P 
labeled and used to identify the size of the DNA fragments 
encoding the corresponding gene in chromosomal digests of 
the DNA from Pfu using standard Southern blot hybridiza 
tion methods. 

0731. A size-specific EcoR I library of DNA fragments 
from Pfu was produced by digesting Pfu chromosomal DNA 
with EcoRI, fractionating the DNA fragments using agarose 
gel electrophoresis, identifying the Segment of the fraction 
ated DNA that corresponded to the 2. Kb EcoRI fragment 
identified as containing the desired gene and isolating the 
DNA from the gel. The DNA isolated was cloned into 
plasmid pZERO2 (Invitrogen), and the resulting library was 
transformed into E. coli TOP10 (Invitrogen). The transfor 
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mants were probed using the same probe employed during 
Southern hybridization and two clones were identified as 
potential candidate clones. From this analysis, an EcoR I 
fragment about 2 kb in size was identified as a target for 
additional cloning. 

0732. The sequences of the two candidate clones were 
found to contain the exact Sequence present in the 300 bp 
DNA segments sequenced earlier in addition to DNA 
Sequences both 5' and 3' to that Sequence. The open reading 
frame identified earlier was found to extend Significantly 
beyond the limits of the 300 bp segment sequenced earlier. 
The additional Segments of the open reading frame again 
showed good homology with NDPK. The Pfu NDPK nucle 
otide sequence is identified as Sequence Pf4 (SEQ ID 
NO:90) and the corresponding amino acid sequence is 
identified as Pf5 (SEQ ID NO:91). The protein codes for 161 
amino acid residues. 

0733. The coding segments of the gene were amplified 
using primers Pfé (SEQ ID NO:92) and Pf7 (SEQ ID 
NO:93), and placed into a high protein expression vector for 
E. coli JHEX25, an IPTG inducible promoter system 
(Promega). Bacterial transformants were grown in LB media 
and induced for protein expression. Samples of the induced 
bacterial cultures were boiled in 2x SDS Sample buffer and 
loaded onto an SDS gel. After running, the gel was Stained 
with Coomassie Blue. 

0734. After destaining in 1% acetic acid and 10% metha 
nol, the lanes containing extracts from cells with the open 
reading frame were found to contain a large amount of a 
protein of about 14 Kd, the expected Size of the gene product 
from the insert. 

0735. Then, a comparison of the open reading frame to 
the published sequence of the Pfu genome (University of 
Utah) was performed and the open reading frame was found 
to exactly match a region of the genome of this organism as 
expected. 

5' AT6AT6AA (AG) CC6GA(TC) G (GC) 6GT 3' SEQ ID NO : 87 

5' GAGAAGCACTATGAGGAGCAC 3' SEQ ID NO: 89 

Pf A 
5' ATGAACGAAGTTGAAAGAACATTGGTAATCATAAAGCCCGACGCAGTAGTT SEQ ID NO: 90 
AGGGGTCTAATAGGTGAAATTATAAGCAGGTTTGAGAAGAAAGGCCTCAAGAT 
TGTTGGAATGAAGATGATCTGGATAGACAGGGAGTTGGCTGAGAAGCACTATG 
AGGAGCACAAAGGAAAGCCCTTCTTTGAGGCTCTCATAGATTACATAACGAAA 
GCTCCAGTAGTTGTTATGGTGGTTGAGGGAAGGTATGCAGTAGAAGTAGTT 
AGAAAGATGGCTGGAGCTACTGATCCAAAGGACGCAGCACCTGGGACAATTAG 
GGGAGATTATGGACTTGACATAGGAGATGCAATCTACAACGTGATTCATGC 
CAGTGATTCAAAGGAAAGTGCGGAGAGGGAAATAAGCCTGTACTTTAAACCTG 
AAGAAATTTATGAATACTGCAAAGCTGCAGATTGGTTTTACAGGGAAAAGAAG 

CAGGCTAAATGCTGA 3' 

MNEWERTLWIIKPDAWWRGLIGEIISRFEKKGLKIWGMKMIWIDRELAEKHYE SEQ ID NO: 91 
EHKGKPFFEALIDYITKAPWWWMWWEGRYAWEWWRKMAGATDPKDAAPGTIRG 

DYGLDIGDAIYNVIHASDSKESAEREISLYFKPEEIYEYCKAADWFYREKKQA 
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- continued 
Pfé 
5' GGGTGCTTTTCATGAACGAAGTTGA 3' 

Pf7 
5' AAGGGCAAAAATTCTAGAGTTCAGCAT 3' 

EXAMPLE 25 

Purification of Cloned Pful NDPK Protein from E. 
coli 

0736. An initial fermentation of Top10 E. coli cells 
expressing the Pful NDPK protein, as described in Example 
24 yielded about 10 g of wet cell paste. The protein 
purification Scheme was essentially that as described in Kim, 
S. et al. Molecules and Cells, 7:630, 1997. One gram of cell 
paste was resuspended in 10 mL of 20 mM Tris-acetate pH 
7.4/1 mM EDTA/2 tug/mL aprotinin/0.1 mg/mL lysozyme 
and incubated at room temperature for 10 minutes. The 
Suspension was then Sonicated for 2 minutes at 50% cycle, 
held on ice for 5 minutes, then Sonicated an additional 2 
minutes. The Suspension was centrifuged at 15,000xg for 20 
minutes at 4 C. and the Supernatant transferred to a new 
tube. 

0737. The Supernatant was heated to 80° C. for 20 
minutes to denature non-thermostable proteins. Precipitant 
was pelleted by centrifugation at 14,000xg for 20 minutes at 
4 C. and Supernatant was transferred to a new tube. 
0738 Ten milliliters of Supernatant were applied to a 5 
mL ATP-Sepharose (Sigma, A-9264) affinity column equili 
brated with Buffer A (20 mM Tris-acetate pH 7.4/20 mM 
NaCl/0.1 mM EDTA/3 mM MgCl/15 mMBME). The flow 
through was collected by gravity. The column was washed 
with 6 column volumes of Buffer B (Buffer Acontaining 500 
mM NaCl). The bound protein was eluted in two steps: 5 mL 
Buffer B+1 mM dCTP (Promega, U122A) followed by 5 mL 
of Buffer B+1 mM ATP (Sigma, A-7699). 
0739 SDS-PAGE analysis of the purification fractions 
showed a large loSS of total protein following the heat 
denaturation step, with the NDPK being the major band 
loaded on the column. About 50% of the loaded NDPK was 
in the flow-through fraction. Eluted NDPK appeared in both 
the dCTP and ATP elutions at greater than 80% purity. 

EXAMPLE 26 

Thermostable NDPKActivity Assays Activity 
ASSay 

0740 The activity assay for NDPK measures ATP created 
following phosphate transfer from dCTP to ADP. A linear 
range for the amount of enzyme was determined using yeast 
NDPK in a 10 minute assay at 37 C. and was found to be 
0.002-0.0002 units, or 0.012-1.2 ng protein. The optimal 
concentrations of ADP and dCTP in the assay were found to 
be 100 nM and 10 uM respectively, in order to give Turner(R) 
TD20/20 luminometer readings within a readable scale. 
0741. The Pfu NDPKactivity in the dCTP and ATPeluted 
fractions, as described in Example 25, was examined after 
extensive dialysis of the fractions to remove nucleotides. 
Both the dCTP and ATP elutions of the purified Pfu NDPK 
were also passed over a De-SaltTM column (Pierce, 43230) 
according to manufacturer's recommendations to further 
remove exceSS nucleotides. 
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SEQ ID NO: 92 

SEQ ID NO: 93 

0742) Activity of Pfu NDPK was measured in a 10 
minute assay at both 37 C. and 70° C. Activity was 
observed at both temperatures. If full enzymatic activity is 
presumed at the 70° C. optimum, then about 40% of that 
activity was seen at the lower temperature. The estimated 
unit activity for the fractions was determined by comparison 
of the light output, resulting from ATP formation, of yeast 
NDPK at 37° C. with the light output of the Pfu NDPK at 
70° C. For example: if 0.0002 units of yeast NDPK provides 
7000 relative light units after 10 minutes at 37 C., then 
0.0002 units of Pfu NDPK is presumed to provide 7000 
relative light units after 10 minutes at 70° C. 
0743. Using this unit equivalency based on light output, 
the dCTP and ATPPfu NDPK fractions were assigned a unit 
activity of 0.5 units/ul. 
0744 Activity Assay at Two Temperatures 
0745) The activity levels of the Pfu NDPK from both the 
ATP- and the dCTP-eluted fractions were compared to the 
activity level of the yeast NDPK at both 70° C. and 37° C. 
A series of 10-fold serial dilutions of the three enzyme 
Solutions was made in Nanopure water to a final dilution of 
1:10,000. The following master mix was prepared: 

889 uL Nanopure water (Promega AA399) 
100 uL 10 x DNAP Buffer (Promega M195A) 
10 uL 10 uM ADP (Promega, A-5285) 
1 it 10 uM dCTP (Promega, U128B) 

0746 Into each reaction tube were placed 180 u master 
mix preheated to either 37° C. or 70° C. and 20 u, of each 
1:10,000 NDPK dilution, and tubes were incubated at the 
indicated temperature. Twenty microliter Samples were 
removed at various time points, added to 100 till of L/L 
reagent (Promega, F202A) and light units read in a TMDETM 
luminometer. The t=0 time point was never incubated at 
elevated temperatures and was placed on ice. The following 
data were obtained: 

Time 
(minutes) 70° C. 37° C. 

Yeast O 4896 
NDPK 1.O S126 

2.5 5163 
5 6946 
1O 6687 7503 
15 6735 
2O 6806 
25 7298 

Pf O 327 
NDPK 1.O 749 
(dCTP) 2.5 1772 

5 2794 
1O 3.191 111 
15 4364 
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-continued 

Time 
(minutes) 70° C. 37° C. 

2O 5025 
25 583O 

Pf O 1255 
NDPK 1.O 2235 
(ATP) 2.5 4.410 

5 5925 
1O 6039 973 
15 6828 
2O 7747 
25 1OO26 

No NDPK O 56 

0747 The Pfu NDPK is more active at 70° C. than at 37° 
C. This is evident by comparing relative light units at 10 
minutes activity at 37° C. and 70° C. (1:10,000 dilution). 
There is about 10-fold more yeast protein in the 70° C. 
reaction than Pfu protein as determined by a Standard 
Bradford assay. Therefore, the Pfu NDPKenzyme may have 
a higher specific activity. For the 37 C. assay, the yeast 
NDPK was further diluted to 1:100,000 and produced 247 
light units at this dilution. The light units increased slightly 
and then leveled off for the yeast enzyme, Suggesting 
thermal inactivation of the enzyme at 70° C. The Pfu NDPK 
light output increased over time. 

0748. Thermostability of Pfu NDPK and Yeast NDPK 

0749 Yeast NDPK stock at 1 unit?u L was serially diluted 
in Nanopure water to a 1:100,000 final dilution. The dCTP 
and ATP-eluted Pfu NDPK stock were serially diluted in 
Nanopure water to a 1:10,000 final dilution. This equalized 
the amount of protein present in the Pfu NDPK and Yeast 
NDPK final dilutions, as determined by standard Bradford 
protein assay and SDS-PAGE analysis. 

0750 Two microliters of the diluted enzymes were added 
to 18 till of master mix in chilled tubes and placed on ice. 
These are the t=0 time points. The remainder of the diluted 
NDPK solutions were pre-warmed at 70° C. For each time 
point, a 2 till aliquot of the enzyme dilution was added to 18 
till master mix and then placed on ice. After the t=10 minutes 
time point, all tubes were incubated at 37 C. for 10 minutes. 
Then, 100 till of L/L reagent were added to each reaction and 
the relative light units measured on a TMDETM luminometer. 
The following results were obtained. 

Relative Light Units 

Time Pful NDPK Pf NDPK 
(minutes) Yeast (dCTP) (ATP) 

O 1877 446 615 
1. 263 358 400 
2 47 299 472 
3 42 319 446 
4 40 296 432 
5 38 315 353 
7.5 36 241 339 
1O 37 239 307 
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0751) The yeast NDPK appears to be thermolabile, 
whereas the Pfu NDPK is relatively thermostable. The 
purified Pfu NDPK had a half-life of about 10 minutes, 
whereas the yeast NDPK had a half-life of about 0.6 
minutes. 

EXAMPLE 27 

Interrogation Assay at 70° C. Using Pfu NDPK and 
Tne Triple Mutant DNA Polymerase 

0752. This Example uses thermostable NDPK and ther 
mostable polymerase in a one-step 70 C. interrogation 
reaction. Synthetic CMV targets, differing at one nucleotide, 
were prepared by annealing Single-Stranded DNAS as 
described in Example 2. The wild-type Single-Stranded 
DNAs used were CV11 (SEQID NO:8) and CV12 (SEQ ID 
NO:9), and the mutant single-stranded DNAS used were CV 
13 (SEQ ID NO:10) and CV 14 (SEQ ID NO:11). Interro 
gation oligonucleotides used were 92.11 (SEQ ID NO:86) 
and 9212 (SEQ ID NO:35). 
0753. The following solutions, brought to a final volume 
of 20 it with water, were assembled and assayed: 

CMV 
CMV WT Mutant Interrogation 

Soln.* Target Target Oligo (1 lug) (0.1 UTne) (0.2 UTne) 

1. 48 72 
2 5 ng 60 79 
3 5 ng 27 74 
4 9211 55 71 
5 9212 55 70 
6 5 ng 9211 374: 599 
7 5 ng 9212 28* 8O 
8 5 ng 9211 53* 82 
9 5 ng 9212 180* 443 

*Soln. = solution; Average of two reactions. 

0754) The solutions were heated to 95°C. for 5 minutes, 
then cooled to room temperature for 10 minutes. Then 20 till 
2x master mix were added to each reaction, and the reactions 
were incubated at 70° C. for 10 minutes. The 2x master mix 
contains 100 uL 10x Thermophilic DNA Pol buffer 
(Promega, M190A), 100 uL 25 mM MgCl2 (Promega, 
A351B), 25uL 40 mM NaPPi (Promega, E350B), 10 uL 10 
uM ADP (Promega, A5285), 25 units Tne triple mutant 
(Promega), 2.5 units Pfu NDPK, and 259.4 uL Nanopure 
water. Each reaction contained 1 unit Tne DNA Polymerase 
and 0.1 units Pful NDPK. An identical set of reactions was 
also performed containing 0.2 units Pfu NDPK per reaction. 
Four microliters of each reaction were then added to 100 till 
of L/L reagent and relative light units (rlu) were measured on 
a TMDETM luminometer. 

0755. The results obtained indicate that Pfu NDPK is 
active in this interrogation assay at 70° C. Doubling the 
NDPK concentration increased the light output to levels 
seen previously with 0.1 units yeast NDPK at 37° C. 
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5' CGCTTCTACCACGAATGCTCGCAGACCATGCTGCACGAATACGTCAGAAAG 
AACGTGGAGCGTCTGTTCGAGCT 3' 

5' CCAACAGACGCTCCACGTTCTTTCTGACGTATTCGTGCAGCATGGTCTGCG 
AGCATTCGTGGTAGAAGCGAGCT 3' 

5' CGCTTCTACCACGAATGCTCGCAGATCATGCTGCACGAATACGTCAGAAA 
GAACGTGGAGCGTCTGTTCGAGCT 3' 

5' CCAACAGACGCTCCACGTTCTTTCTGACGTATTCGTGCAGCATGATCTGCG 
AGCATTCGTGGTAGAAGCGAGCT 3' 

9211 
5' CACTTGATATTACACCCATG 3' 

921.2 
5' CACTTGATATTACACCCGTG 3' 

EXAMPLE 28 

One Step Interrogation on B-globin PCR Targets: 
Comparison of 70° C. Reaction Using Tne Triple 
Mutant Polymerase and Pfu NDPK to 37° C. 
Reaction Using Klenow Exo- Polymerase and 

Yeast NDPK 

0756. A method was carried out using a thermostable 
polymerase (Tne triple mutant) and thermostable NDPK 
(Pfu) and compared to more thermally labile polymerase 
(Klenow exo-) and NDPK (yeast) to assay for native and 
mutant Sequences of B-globin. These methods were carried 
out at 37° C. and 70° C. As will be seen from the results that 
follow, use of the thermostable enzymes permit a one Step 
(or one-pot) reaction in which depolymerization and ATP 
formation are carried out at an elevated temperature. The 
DNA interrogation probes used were 9994 (SEQ ID NO:94), 
9995 (SEQ ID NO:95), 10665 (SEQ ID NO:96), and 11472 
(SEQ ID NO:97). Probes 9994 and 9995 interrogate the 
TCTT site. Probes 10665 and 11472 interrogate the 17 (A to 
T) site. PCR probes used were Probe 9992 (SEQ ID NO:98) 
and 9993 (SEQ ID NO:99). Reaction conditions are as 
described in Example 31. 
0757. Two sets of the following reactions were assembled 
and brought to a final 20 u, Volume with nanopure water: 

Interrogation 

Oligo ru ru 
Reaction Target 1 ill/1 tug (70° C.) (37° C) 

1. 41 5 
2 WT: 165 94 
3 WT 9994 51 12 
4 Mut 9995* 42 6 
5 WT 10665 45 14 
6 Mut 11472 44 6 
7 WT WT 9994 645* 360* 
8 WT Mut 9995 199* 109* 
9 WT WT 10665 52.5% 233* 
1O WT Mut 11472 169* 121: 

WT = wild type; Mut == mutant; Average of two values. 
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SEQ ID NO : 8 

SEQ TD NO: 9 

SEQ ID NO : 10 

SEQ ID NO : 11 

-continued 

Interrogation 

2 x Master 2 x Master 
Mix for 37° C. Mix for 70° C. 

10 X DNAP 60 uL(Promega, 100 uL(Promega 
buffer M195A) M190A) 

Klenow exo- 3.75 units 
Tne triple 25 units 
mutant 

40 nM NaPP 7.5 uL 25 uL 
yeast NDPK 3 units 
Pful NDPK 2.5 units 
10 uM ADP 6.0 uL 10 uL 
Nanopure 219.75 uL 259.4 uL 
water 

0758. Four microliters of target solution were used for the 
set of 37 C. reactions, 8 till target solutions were used for 
the set of 70° C. reactions. The assembled reactions were 
heated to 95 C. for 5 minutes and then cooled to room 
temperature for 10 minutes. Twenty microliters of the 2x 
master mix were then added. The 37 C. reaction set was 
incubated at 37 C. for 15 minutes, the 70° C. reaction set 
was incubated at 70° C. for 5 minutes. Four microliters of 
each reaction were added to 100 lull of L/L reagent 
(Promega, F202A) and light output was immediately mea 
Sured on a TMDETM luminometer. 

0759. The high temperature interrogation conditions 
improve the discrimination ratios between wild type and 
mutant for the 17 (A to T) site primarily by reducing the 
background Signal from the mismatch. Discrimination ratioS 
at the TCTT site are essentially the same between the two 
temperatures. 

0760 Interrogation Probes: 

99.94 5' CCCTTGGACCCAGAGGTTCT 3' SEQ ID NO : 94 

99.95 5' CCCTTGGACCCAGAGGTTGA 3' SEQ ID NO: 95 

10 665 5' CTTCATCCACGTTCACCTTG 3' SEQ ID NO: 96 

11472 5' CTTCACCACGTTCACCTAG 3' SEQ ID NO: 97 
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0761 PCR Target Probes: 

9992 

5 GTACGGCTGTCATCACTTAGACCTCA 3' SEQ ID NO: 98 

99.93 

5' TGCAGCTTGTCACAAGTGCAGCTCACT 3' SEQ ID NO: 99 

EXAMPLE 29 

Detection of DNA Sequences in the Genome of 
Campylobacter jejuni 

0762. Oligonucleotides 11453 (SEQ ID NO:100) and 
11454 (SEQ ID NO:101) are exactly complementary and 
can be annealed, thereby forming a Synthetic target repre 

11453 
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0764. The assembled solutions were incubated at 92 C. 
for 5 minutes, then cooled at room temperature for 10 
minutes. Master mix was prepared as in Example 1 using 10 
units Klenow exo-polymerase and 4 units NDPK. Twenty 
microliters of master mix were added to each tube and 
incubated at 37 C. for 15 minutes. Five microliters of each 
solution were then combined with 100 lull of L/L reagent 
(Promega F202A) and light output measured immediately 
on a Turner(R) TD20/20 luminometer. The average relative 
light units (rlu) are recorded in the table above 

0765. Using each of the interrogation probes with the 
target appears to give Strong net Signal. The top probe 
(11451) however, gives very strong signal alone, possibly 
due to hairpin formation, and is less Suitable for interroga 
tion. The bottom interrogation probe (11450) is the better for 
interrogation. 

5' CTTGAAGCATAGTTCTTGTTTTTAAACTTTGTCCATCTTGAGCCGCTTGA SEQ ID NO: 100 
GTTGCCTTAGTTTTAATAGT 3' 

11454 
5' ACTATTAAACTAAGGCAACTCAAGCGGCTCAAGATGGACAAAGTTTA SEQ ID NO : 101 
AAAACAAGAACTATGCTTCAAG 3' 

11451 
5' AGTTCTTGTTTTTAAACTTTGTCCATCTTG 3' 

11 450 
5' CAAGATGGACAAAGTTTAAAAACAAGAACT 3' 

Senting a 70 bp Segment of Campylobacter jejuni. These two 
oligonucleotides were diluted in nanopure water to a final 
concentration of 10 ug/mL. Four microliters of each were 
then mixed with 232 till 10 mM Tris pH7.3 to yield a target 
solution of 0.3 tug/mL of DNA. Oligonucleotides 11451 
(SEQ ID NO:102) and 11450 (SEQ ID NO:103) are Campy 
lobacter jejuni interrogation probes that bind to opposite 
Strands of the bacterial genome represented in the Synthetic 
target. oligonucleotide 11451 anneals to oligonucleotide 
11454. Oligonucleotide 11450 anneals to oligonucleotide 
11453. 

0763 The following solutions were assembled in tripli 
cate and nanopure water added to a final Volume of 20 it. 

0.3 ng 1 tug 
Solution Target Probe ru 

1. -- 11451 391 

2. -- 11450 241 
3. -- Ole 28 

4. 11451 248 
5. 11450 3O 
6. Ole 24 

SEQ ID NO : 102 

SEQ ID NO : 103 

EXAMPLE 30 

Enhancing Output Discrimination by Destabilizing 
Interrogation Probes with Internal Mismatches 

0766 Prothrombin PCR fragments were interrogated to 
determine if they contained a Single nucleotide polymor 
phism (SNP) associated with prothrombin as described in 
Example 35. The interrogation probes were designed to 
compare data when there is a potential for a mismatched 
nucleotide only at the 3'-terminal base of the interrogation 
probe Versus an interrogation probe having this same poten 
tial mismatch and an additional mismatch 9 bases from the 
3' end. 

0767 Probes PT5 and PT6 (SEQID NO:104 and SEQID 
NO:105, respectively) were used to PCR amplify a region of 
human genomic DNA spanning about 500 base pairs encod 
ing the prothrombin gene. The PT5 probe has phosphothio 
ate linkages between the first five bases at the 5' end. As 
described in Example 38, below, these linkages, present on 
one Strand of the resulting PCR product, are resistant to 
cleavage with T7 Polymerase Exonuclease 6 (Exo 6). The 
PCR reaction was set up as follows: 

10 uL 10x PCR buffer 
6 itL 25 mM MgCl2 
2 itL 10 mM dNTP mixture (2.5 mM each dNTP) 
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-continued 

2 itL 100 pmoles probe PT5 
2 itL 100 pmoles probe PT6 
4 itL human genomic DNA (Promega, G3041) 
75 uL water 
2.5 units Taq (Promega, M1861) 

0768. The PCR cycling parameters were: 94° C., 2 min 
utes; (94. C., 30 seconds; 60° C., 1 minute; 70° C., 1 
minutes)x35; 70° C., 7 minutes; 4 C. Soak. Ten microliters 
of the PCR reaction were run on a 1.5% agarose gel, 
ethidium bromide Stained, and a band of correct size was 
visualized under UV light. To 25 L of the PCR reaction 
were added 50 units of Exo 6, and the sample was incubated 
at 37 C. for 15 minutes. The sample was then treated with 
Exo 6 as described in Example 38, below, and purified away 
from the free nucleotides using MagneSil" paramagnetic 
particles (Promega, A1330) according to manufacturers 
instructions. Four microliters of the 100 till eluted DNA 
were interrogated with probes PT7 (SEQ ID NO:106), PT8 
(SEQ ID NO:107), PT9 (SEQ ID NO:108), and PT10 (SEQ 
ID NO:109) in four separate reactions. 
0769 PT7 and PT9 differ only in the nucleotide present 
nine nucleotides from the 3' end. Probe PT7 has a base 
complementary to the wild type Sequence nine bases from 
the 3' end, whereas probe PT9 has a mismatching base at that 
position. These two probes have a 3' terminal nucleotide that 
matches wild type prothrombin. PT8 and PT10 differ only in 
the nucleotide present nine nucleotides from the 3' end. 
Probe PT8 has a base complementary to the wild type 
sequence nine bases from the 3' end, whereas probe PT10 
has a mismatching base at that position. These two probes 
have a 3'-terminal nucleotide that matches the mutant pro 
thrombin, but is a mismatch with wild type. 
0770. The interrogation reactions were set up as follows: 
4 till target DNA were combined with 150 pmol of interro 
gation oligonucleotide probe (or none for control reaction) 
and water to a final volume of 20 ul. These samples were 
incubated at 95 C. for 3 minutes, followed by incubation at 
37 C. for 10 minutes. Then 20 till master mix were added, 
and the tube incubated at 37 C. for an additional 15 
minutes. The master mix contains 71 till water, 20 u, 10x 
DNA Pol buffer (Promega, M195A), 5uL 40 mM NaPPi, 2 
till 10 uM ADP, 1 unit NDPK, and 2 units Klenow exo 
(Promega, M218A). Then, 100 uL of L/L reagent (Promega, 
FF2021) were added and the relative light units measured 
immediately in a Turner(R) TD20/20 luminometer. The con 
trol values from Samples lacking an interrogation oligo 
nucleotide were Subtracted and the results are reported in the 
Table below. 

Interrogation Relative 
Reaction oligo Light Units 

1. PT7 1520 
2. PTS 495 
3. PT9 1724 
4. PT10 219 

0771. The results indicate that the additional mismatch, 
internally located in the interrogation probe, helped to 
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increase the level of discrimination observed between wild 
type and mutant probes. When the internal mismatch was 
not present in the interrogation probes, there was 3.1-fold 
discrimination, whereas when the internal mismatch was 
present in the interrogation probes, there was 7.9-fold dis 
crimination. 

PT5 5' ATAGCACTGGGAGCATTGAGGC 3' SEQ ID NO : 104 

PT6 5' GCACAGACGGCTGTTCCTT 3' SEQ ID NO : 105 

PT7 5 GTGACTCTCAGCG 3' SEQ ID NO : 106 

PT8 5 GTGACTCTCAGCA 3" SEQ ID NO : 107 

PT9 5 GTGATTCTCAGCG 3' SEQ ID NO : 108 

PT 10 5 GTGATTCTCAGCA 3" SEQ ID NO : 109 

EXAMPLE 31 

Determination of the Presence of the Leiden 
Mutation of Factor V 

0772 A synthetic first nucleic acid target of the Factor V 
gene was designed to have the wild type Sequence that 
contains a G at position 32 of FV1 (SEQ ID NO:25). The 
complementary strand, FV2, (SEQ ID NO:26) had 4 addi 
tional bases at its 3'-terminus. A Second Synthetic nucleic 
acid target of Factor V was designed to have the Leiden 
mutation, an A residue at position 32 of FV3 (SEQ ID 
NO:27). The mutant complementary strand, FV4 (SEQ ID 
NO:28) also had 4 additional bases at its 3'-terminus. The 
nucleic acid target oligonucleotides, FV1 to FV4, were 
Separately dissolved at a concentration of one mg/mL in 
Water. 

0773) Nucleic acid probe FV5 (SEQ ID NO:29) was 
Synthesized to be totally complementary to one Strand of the 
first target, FV1. The probe was synthesized to place the 
complementary C residue at an interrogation position pen 
ultimate to the 3'-terminal nucleotide of the probe FV5, 
corresponding to the G at position 32 of FV1. Similarly, a 
Synthetic nucleic acid probe was prepared having Sequence 
FV6 (SEQ ID NO:30) that is totally complementary to one 
Strand of the Second target, Factor V with the Leiden 
mutation, FV3. The probe was synthesized to place the 
complementary T residue at an interrogation position pen 
ultimate to the 3'-terminal nucleotide of the probe FV6, 
corresponding to the A at position 32 of FV3. Nucleic acid 
probe Stock Solutions had a concentration of one mg/mL in 
Water. 

0774. The FV1 oligonucleotide was mixed with an equal 
amount of its complementary strand, FV2, heated to 95 C. 
for about 15 minutes and then cooled to room temperature 
to produce a first Sample containing a double Stranded DNA 
Segment including the first nucleic acid target, correspond 
ing to the wild type Sequence of the Factor V gene. 
0775. The FV3 oligonucleotide was mixed with an equal 
amount of its complementary Strand having FV4, heated to 
95 C. for about 15 minutes, and then cooled to room 
temperature to produce a Second Sample that included a 
double stranded DNA (dsDNA) segment containing the 
Second target, the Sequence of the Factor V gene in the 
region of the Leiden mutation. 
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0776. One microliter of the dsDNA sample to be assayed 
for the presence of the first or Second target was admixed 
with 1 lull of a nucleic acid probe and 18 till of water to form 
Separate hybridization compositions. Controls had 1 till of 
the dsDNA sample and 19 till of water. 
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the nucleic acid target with the mismatch at the position 
penultimate to the 3'-terminal nucleotide (ASSay Nos. 3, 4, 
6, and 7). The latter signal is in turn about 10-fold greater 
than the light generated when there is no probe to hybridize 
to the nucleic acid target (ASSay Nos. 5 and 10). 

FW1 
5' CTAATCTGTAAGAGCAGATCCCTGGACAGGCGAGGAATACAGAGGGCAGCA SEQ ID NO: 25 
GACATCGAAGAGCT 3' 

FW2 
5' AGCTCTTCGATGTCTGCTGCCCTCTGTATTCCTCGCCTGTCCAGGGATCTG SEQ ID NO: 26 
CTCTTACAGATTAGAGCT 3' 

FW3 
5' CTAATCTGTAAGAGCAGATCCCTGGACAGGCAAGGAATACAGAGGGCAGCA SEQ ID NO: 27 
GACATCGAAGAGCT 3' 

FWA 
5' AGCTCTTCGATGTCTGCTGCCCTCTGTATTCCTTGCCTGTCCAGGGATCTG SEQ ID NO: 28 
CTCTTACAGATTAGAGCT 3' 

5' CTGCTGCCCTCTGTATTCCTCG 3' SEQ ID NO : 29 

FW6 
5' CTGCTGCCCTCTGTATTCCTTG 3' SEQ ID NO : 30 

0777. They were denatured by heating to 95°C. for three 
minutes, then maintained for 10 minutes under hybridizing 
conditions (in a 37 C. incubator) to form separate treated 
Samples. 

0778 A master mix was assembled containing 10x DNA 
Polymerase Buffer (20 uL; Promega, M195), sodium pyro 
phosphate (5 uL of 40 mM Na P.O., solution; Promega, 
C113), Klenow Exo Minus (5 uL; 5U; Promega, M218), 
NDPK (1 uL of a 10 U?ul solution of NDPK Sigma, 
NO379), dissolved in water), ADP (2 uL of a 10 uM solution 
of ADPSigma, A5285 dissolved in water), and water (67 
LL). 
0779) The hybridized, treated samples (20 uL) were each 
mixed with the master mix and maintained for 15 minutes at 
37 C. to form a depolymerized sample. 
0780. The depolymerized sample was added to 100 till 
L/L reagent (Promega, F202A), and the amount of light 
produced was read on a Turner(R) TD20/20 luminometer. A 
total of 8 Samples and two controls were analyzed. The 
averaged results are shown below. 

Average 
Assay Nucleic Acid Nucleic Acid Relative 
No. Target in Sample Probe Light Units 

1, 2 Factor V Factor V 1063 
3, 4 Factor V Factor V Leiden 88.8 
5 Factor V Ole 8.652 
6, 7 Factor V Leiden Factor V 139.8 
8, 9 Factor V Leiden Factor V Leiden 1016 
1O Factor V Leiden Ole 7.587 

0781. The data show that the light signal is about 10 fold 
greater when the nucleic acid probe is exactly complemen 
tary to the nucleic acid target (ASSay Nos. 1, 2, 8 and 9) than 
when the nucleic acid probe is partially complementary to 

EXAMPLE 32 

Determination of the Presence or Absence of a 
Nucleotide Sequence in a Sample Known to be 

Associated with the Factor V Leiden Phenotype in 
Humans with Additional Interrogation Probes 

0782. In this Example, another pair of probes, comple 
mentary to the opposite template Strand as those used in 
Example 31, were used to detect the gene Sequences of the 
wild type Factor V gene and the Leiden allele of this gene. 
Oligonucleotides FV7 (SEQ ID NO:110) and FV8 (SEQ ID 
NO:111) were dissolved at 1 mg/mL in water. Oligonucle 
otides FV1 (SEQ ID NO:25), FV2 (SEQ ID NO:26), FV3 
(SEQ ID NO:27) and FV4 (SEQ ID NO:28) were used as 
targets, and the following Solutions were assembled. 

Target Probe Water 
Solution (uL) (uL) (uL) 

1 and 2 1 FV1 - FV2 1 FV7 18 
3 and 4 1 FV1 - FV2 1 FV8 18 
5 1 FV1 - FV2 Ole 19 
6 and 7 1 FV3 - FV4 1 FV7 18 
8 and 9 1 FV3 - FV4 1 FV8 18 
1O 1 FV3 - FV4 Ole 19 

0783 The above solutions were heated to 95°C. for three 
minutes, then placed in a 37 C. incubator for 10 minutes. 
The following master mix was assembled: 

10 x DNA Polymerase Buffer (Promega M195) 20 uL 
40 mM Sodium Pyrophosphate (Promega C113) 5 uL 
10 U?ul Klenow Exo Minus (Promega M218) 5 uL 
NDPK (Sigma, NO379 at 10 Uul in water) 1 it 
ADP (Sigma A5285, 10 uM in water) 2 it 
Water 67 uL 

100 uL 
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0784. Twenty microliters of master mix were added to 
each of the heated nucleotide mixes after incubation at 37 
C. for 10 minutes. The resulting reactions were incubated for 
15 minutes at 37 C. and then added to 100 till L/L reagent 
(Promega, F202A) and the light produced was immediately 
read using a Turner(R) TD20/20 luminometer. 
0785. The following results were obtained. 

Relative 
Reaction Light Units 

217.9 
237.9 
47.76 
48.33 
5.903 

18.79 
1919 
1868 
1815 
5.837 1. 

0786) These data show that probe FV7 gave a much 
Stronger Signal than FV8 on DNA containing a sequence 
corresponding the native Factor V gene, and thus can be 
used to detect this DNA sequence in a sample. Probe FV8 
gave a much Stronger Signal than FV7 on DNA containing 
a Sequence encoding the Factor V gene in the region of the 
Leiden mutation. 

GACATCGAAGAGCT 3' 

FW2 

CTCTTACAGATTAGAGCT 3' 

FW3 

GACATCGAAGAGCT 3' 

FWA 

CTCTTACAGATTAGAGCT 3' 

EW 7 
5' GACAAAATACCTGTATTCCTCG 3' 

FW8 
5' GACAAAATACCTGTATTCCTTG 3' 

EXAMPLE 33 

Detection of a Sequence in the Cystic Fibrosis 
Gene in the Region of the Delta 508 Mutation 

0787. In this Example, an assay was performed to detect 
a Sequence that encodes a Segment of the cystic fibrosis gene 
spanning the mutation known as the delta F508 allele. 
0788 Oligonucleotides CF1 (SEQ ID NO:112) and CF2 
(SEQID NO:113) were synthesized and redissolved in water 
at a concentration of 50 pmol/u. These primers were used 
to produce an amplified Segment of the human chromosomal 
DNA by PCR amplification. PCR reactions contained 20 ng 
human genomic DNA, 50 pmol each primer, 1x Promega 
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5' CTAATCTGTAAGAGCAGATCCCTGGACAGGCGAGGAATACAGAGGGCAGCA 

5' AGCTCTTCGATGTCTGCTGCCCCTGTATTCCTCGCCGTCCAGGGATCTG 

5' CTAATCTGTAAGAGCAGATCCCTGGACAGGCAAGGAATACAGAGGGCAGCA 

5' AGCTCTTCGATGTCTGCTGCCCCTGTATTCCTTGCCGTCCAGGGATCTG 
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Tag Reaction Buffer with 1.5 mM MgCl2 (Promega, 
M188A), 200 uM dNTPs, and 1.25 U Tag DNA Polymerase 
(Promega M186A). Cycling conditions were 1x2 minutes at 
94 C., 35x0.5 minutes at 94° C., 1 minute at 60° C., 1 
minute at 72° C.), 1x7 minutes at 72° C., 4° C. soak. The 
amplified DNA was purified using Wizard PCR Preps 
(Promega A7170) by mixing 25ul PCR product with 1 mL 
resin and washing with 3x1 mL 80% isopropanol. This DNA 
was used to represent wild type human DNA encoding the 
cystic fibrosis gene Spanning the delta F508 mutation. 

0789 Oligonucleotides CF6 (SEQ ID NO:117) and CF7 
(SEQID NO:118) were dissolved in water at a concentration 
of 1 mg/mL, mixed and annealed to form a double Strand 
DNA segment as described for oligonucleotide FV1 and 
FV2 above. This DNA was used to represent human DNA 
encoding the delta F508 mutation at this locus. 

0790. Oligonucleotide probes CF3 (SEQ ID NO:114), 
CF4 (SEQ ID NO:115) and CF5 (SEQ ID NO:116) were 
prepared. The Sequence of probe CF3 is completely comple 
mentary to wild type cystic fibrosis gene. The Sequence of 
probe CF4 was identical to that of probe CF3 except for the 
3'-terminal nucleotide that is complementary to the nucle 
otide present in the delta F508 mutation, and thus was 
completely complementary to one Strand of that mutant 
Sequence. The Sequence of probe CF5 was completely 
complementary to the second strand of that F508 mutant 
Sequence, and also therefore differed from a total comple 
ment of probe CF3 at the 3'-terminal nucleotide. The probes 

SEQ ID NO : 25 

SEQ ID NO : 26 

SEQ ID NO : 27 

SEQ ID NO : 28 

SEQ ID NO : 110 

SEQ ID NO : 111 

were Separately dissolved in water to a concentration of 1 
mg/mL. The following Solutions were assembled. 

Probe Target Water 
Solution (uL) (uL) (uL) 

1 and 2 1, CF3 4, Purified, 15 
Amplified DNA 

3 and 4 1, CF4 4, Purified, 15 
Amplified DNA 

5 and 6 1, CF5 4, Purified, 15 
Amplified DNA 

7 Ole 4, Purified, 16 
Amplified DNA 
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-continued -continued 

Relative Net 
Probe Target Water Solution Light Units Average RLU 

Solution (uL) (uL) (uL) 
13 429.8 

8 and 9 1, CF3 1, Annealed 18 14 65.90 

(CF6 + CF7) *The net value is calculated by averaging the duplicate samples and sub 
10 and 11 1, CF4 1, Annealed 18 tracting the target alone value measured for the different sets. 

(CF6 + CF7) 
12 and 13 1, CF5, 1, Annealed 18 0794. These data show that probe CF3 provided much 

(CF6 + CF7) higher signals with wild type DNA than were provided by 
14 Ole 1, Annealed 19 either of probes CF4 or CF5 that had a mismatched nucle 

(CF6 + CF7) otide at the site of the mutation. In addition, both probes CF4 
and CF5 that were completely complementary to the mutant 
Sequence provided much higher Signals with DNA encoding 
the delta F508 mutant than with wild type DNA. 

CF1 
5' CATTCACAGTAGCTTACCCA 3' SEQ ID NO : 112 

CF2 
5' GCAGAGTACCTGAAACAGGA 3' SEQ ID NO : 113 

CF3 
5' CATCATAGGAAACACCAAG 3' SEQ ID NO : 114 

CF4 
5' CATCATAGGAAACACCAAT 3' SEQ ID NO : 115 

CF5 
5' GGCACCATTAAAGAAAATATCATT 3' SEQ ID NO : 116 

CF6 
5' CTGGCACCATTAAAGAAAATATCATTGGTGTTTCCTATGATGAATATAG SEQ ID NO: 117 

CF7 
5' CTATATTCATCATAGGAAACACCAATGATATTTTCTTTAATGGTGCC SEQ ID NO: 118 
AG 3' 

0791) These solutions were heated at 95°C. for 3 minutes 
and then placed in a 37 C. incubator for 10 minutes. 
0792. A master mix was assembled as described in 
Example 32 and 20 u, of this solution were added to each 
of Solutions 1-14 above. They were incubated for another 15 
minutes at 37° C. 

0793. The solutions were added to 100 ul of L/L reagent 
(Promega F202A)) and the light produced by the reactions 
was immediately measured using a Turner(R) TD 20/20 
luminometer. The following results were obtained. 

Relative Net 
Solution Light Units Average RLU 

1. 1527 762 
2 1683 
3 766.7 (-48.5) 
4 823.5 
5 893.2 44.1 
6 881.0 
7 843.4 
8 72.73 11.0 
9 80.05 
1O 310.9 306.5 
11 3O2.1 
12 439.O 434.4 

EXAMPLE 34 

Detection of a Sequence in the Cystic Fibrosis 
Gene in the Region of the Delta 508 Mutation 

including a Sample Containing Both the Normal 
and Delta F508 Alleles 

0795. This Example demonstrates an assay that detects a 
Sequence encoding a Segment of the cystic fibrosis gene 
spanning the mutation known as the delta F508 allele. The 
assay is illustrated using the wild type human Sequence of 
this gene in this region and using a Sample that has both 
alleles. The results here demonstrate that the assay can 
discriminate between homozygotes for these alleles, and can 
be used to detect heterozygote Samples in which both alleles 
are present together, as would be the case with a carrier for 
a wide variety of genetic diseases. 

0796 Oligonucleotides CF8 (SEQ ID NO:119) and CF9 
(SEQ ID NO:120), a synthetic wild type target, were dis 
Solved in water and annealed as described for Example 31. 
CF6 (SEQ ID NO:117) and CF7 (SEQ ID NO:118) were 
also used as targets. CF3 (SEQ ID NO:114) and CF4 (SEQ 
ID NO:115) were used as probes. The following solutions 
were assembled. 
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Probe 
(uL) 

1, CF3 

Water 

(uL) 
Target(s) 
(uL) 

, Annealed 
(CF8 + CF9) 
, Annealed 
(CF8 + CF9) 
, Annealed 
(CF8 + CF9) 
, Annealed 
(CF6 + CF7) 
and 1, Annealed 
(CF8 + CF9) 
, Annealed 
(CF6 + CF7) 
and 1, Annealed 
(CF8 + CF9) 
, Annealed 
(CF6 + CF7) 
and 1, Annealed 
(CF8 + CF9) 
, Annealed 
(CF6 + CF7) 
, Annealed 
(CF6 + CF7) 
, Annealed 
(CF6 + CF7) 

Solution 

1 and 2 

3 and 4 1, CF4 

Ole 

6 and 7 1, CF3 

8 and 9 1, CF4 

1O Ole 

11 and 12 1, CF3 

13 and 14 1, CF4 

15 Ole 

0797 The above solutions were heated at 95° C. for 3 
minutes, then placed in a 37 C. incubator for 10 minutes. A 
master mix was made as in Example 32 and 20 till of this 
Solution were then added to each of tubes 1-15. The tubes 
were incubated at 37 C. for an additional 15 minutes, then 
the solutions were added to 100 uL of L/L reagent (Promega 
F202A) and the light produced by the reactions was read 
immediately using a Turner(R) TD20/20 luminometer. The 
following data were obtained. 

Relative Adjusted Net 
Sample Light Units Light Value * 

1. 3.10.1 3.07.9 
2 342.3 
3 22.45 4.41 
4 23.02 
5 18.29 
6 400.2 346.98 
7 393.7 
8 332.3 269.38 
9 306.4 
1O 49.97 
11 96.67 37.68 
12 109.1 
13 371.3 305.4 
14 369.8 
15 65.22 

*This value was calculated by averaging the duplicate reactions and sub 
tracting the value measured for the appropriate target alone control reac 
tion. 

0798. These data again show that probe CF3 provided a 
much stronger Signal with normal (wild type; homozygous) 
DNA than did probe CF4, and probe CF4 provided a much 
Stronger Signal with the homozygous delta F508 mutation 
target than did probe CF3. In addition, when both targets 
were present in the Sample, as in a heterozygote, Signals 
were provided from both probes to indicate the presence of 
a heterozygote. Thus, the analytical output from this method 
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illustrated whether the nucleic acid target Sequence in a 
nucleic acid Sample was homozygous or heterozygous, and 
when homozygous, which of the alleles was present. 

5' CATCATAGGAAACACCAAG 3' 
SEQ ID NO : 114 

5' CATCATAGGAAACACCAAT 3' 
SEQ ID NO : 115 

CF6 
5' CTGGCACCATTAAAGAAAATATCATTGGTGTTTCCTATGATGAATA 
TAG 3' 
SEQ ID NO : 117 

CF7 
5' CTATATTCATCATAGGAAACACCAATGATATTTTCTTTAATGGTGCC 
AG 3' 
SEQ ID NO : 118 

CF8 
5' CTGGCACCATTAAAGAAAATATCATCTTTGGTGTTTCCTATGATGAA 
TATAG 3' 
SEQ ID NO : 119 

CF9 
5' CTATATTCATCATAGGAAACACCAAAGATGATATTTTCTTTAATGGT 
GCCAG 3' 
SEQ ID NO: 120 

EXAMPLE 35 

Detection of DNA Sequences Corresponding to the 
Prothrombin Gene in the Region of a Single 

Nucleotide Polymorphism 

0799. An assay for the presence or absence of a mutation 
in the human prothrombin gene is illustrated in this 
Example. This SNP is characterized by a G to A Substitution 
in the prothrombin gene. 

0800 Oligonucleotides PT1 (SEQ ID NO:121), PT2 
(SEQ ID NO:122), PT3 (SEQ ID NO:123), and PT4 (SEQ 
ID NO:124) were synthesized and dissolved in water to a 
concentration of 1 mg/mL. A sample of PT1 and PT2 were 
then diluted to 0.3 ng in water for use in the solutions below, 
and the following Solutions were made. 

Probe Target Water 
Solution (uL) (uL) (uL) 

1 and 2 1, PT3 1, PT1 18 
3 and 4 1, PT4 1, PT1 18 
5 Ole 1, PT1 19 
6 and 7 1, PT3 1, PT2 18 
8 and 9 1, PT4 1, PT2 18 
1O Ole 1, PT2 19 

0801) These solutions were heated at 95° C. for three 
minutes then placed in a 37 C. incubator for 10 minutes. 

0802. A master mix was assembled as in Example 32 and 
20 u, of this solution were added to each of Solutions 1-10, 
above, and all solutions were incubated for 15 minutes at 37 
C. After this incubation, these solutions were added to 100 
uL of L/L reagent (Promega F202A) and the light produced 
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by the solutions immediately read using a Turner(RTD 20/20 
luminometer. The following results were obtained. 

Sample Relative Light Units 

240.9 
253.3 
56.10 
55.88 
5.88 

29.61 
31.49 
738.0 
646.8 

6.21 1. 

0803) These data demonstrate the probe PT3 provided 
much higher signals with a wild type target (PT1) than does 
probe PT4, but that probe PT4 provided a much higher 
signal with mutant template (PT2) than did PT3. 

PT1. 
5' TCCCAATAAAAGTGACTCTCAGCGAGCCTCAATGCTCCCAGTGC 
TATTCA 3" 
SEQ ID NO: 121 

PT2 
5' TCCCAATAAAAGTGACTCTCAGCAAGCCTCAATGCTCCCAGTGC 
TATTCA 3" 
SEQ ID NO: 122 

PT3 
5' GGAGCATTGAGGCTCG 3' 
SEQ ID NO: 123 

5' 
SEQ ID NO : 

GGAGCATTGAGGCTTG 3' 
124 

EXAMPLE 36 

Detection of DNA Sequences Associated with DNA 
Translocations 

0804. An assay is described in this Example that permits 
a particular type of human DNA translocation to be detected. 
The particular translocation takes place in the region of the 
bcr gene, and a Segment of the abl gene is involved with the 
translocation. 

0805 Oligonucleotides BA1 (SEQ ID NO:125), BA2 
(SEQ ID NO:126), BA3 (SEQ ID NO:127) and BA4 (SEQ 
ID NO:128) were synthesized and dissolved in water at a 
concentration of 1 mg/mL. BA1 and BA2 were diluted 
1:1000 in water and the following solutions were assembled. 

Probe Target Water 
Solution (uL) (uL) (uL) 

1 and 2 1, BA3 1, BA1 18 
3 and 4 1, BA4 1, BA1 18 

5 Ole 1, BA1 19 
6 and 7 1, BA3 1, BA2 18 
8 and 9 1, BA4 1, BA2 18 

1O Ole 1, BA2 19 
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0806) These solutions were heated at 95°C. for 3 minutes 
then placed in a 37 C. incubator for 10 minutes. 
0807. A master mix was assembled as described in 
Example 32. After Solutions 1-10 were separately incubated 
for 10 minutes at 37 C., 20 u, of master mix were added 
to each, and the resulting Solutions were heated for an 
additional 15 minutes at 37 C. After this time, the contents 
of the tubes were added to 100 uL of L/L reagent (Promega 
F202A) and the resulting light produced was read immedi 
ately using a Turner(RTD 20/20 luminometer. The following 
results were obtained. 

Relative 
Solution Light Units 

1284 
1414 
126.9 
124.7 
27.21 
33.73 
36.68 

1061 
1040 
24.04 1. 

0808. These data show that probe BA3 provided a much 
greater Signal with DNA sequences corresponding to the 
wild type bcr gene than with mutant DNA. Conversely, 
probe BA4 provided a much greater signal with a DNA 
Sequence that corresponds to the Sequence from a bcr/abl 
translocation than with the normal DNA. 

BA1 
5' CAGTACTTACTTGAACTCTGCTTAAATCCAGTGGCTGAGT 3' 
SEQ ID NO: 125 

BA2 
5' CTGAAGGGCTTTTGAACTCTGCTTAAATCCAGTGGCTGAGT 3' 
SEQ ID NO: 126 

BA3 
5' TGGATTTAAGCAGAGTTCAAGT 3' 
SEQ ID NO: 127 

BA4 
5' 
SEQ ID NO : 

TGGATTTAAGCAGAGTTCAA AA 3' 
128 

EXAMPLE 37 

Use of Chemical DNA Denaturation of Target DNA 
Prior to Genotype Determination 

0809. In this Example, denaturation of target DNA by 
chemical agents is compared to high temperature denatura 
tin. 

0810. An amplified DNA segment containing a segment 
of the Factor V gene in the region of the Leiden mutation, 
but from wild type DNA was produced as described in 
Example 32. 

0811. The amplified DNA was purified using a commer 
cial DNA purification system (Promega, A7170) as 
described in Example 32. Probe FV7 (SEQ ID NO:110) and 
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FV8 (SEQ ID NO:111) were used, and the following solu 
tions were assembled. 

Target Probe Water Total 
Solution (uL) (uL) (uL) (uL) 

1 and 2 4 1, FV7 15 2O 
150 

(pmol) 
3 and 4 4 1, FV8 15 2O 
5 4 Ole 15 2O 
6, 7, 11, 12, 4 1, FV8 4 9 
16, and 17 
8, 9, 13, 14, 4 1, FV7 4 9 
18 and 19 
10, 15, and 20 4 Ole 5 9 

08.12) Solutions 1-5 were heated at 95° C. for three 
minutes then put in a 37 C. incubator for 10 minutes. 
Solutions 6-10 were treated with 1 it 0.2N Sodium hydrox 
ide for 1-2 minutes, then 10 it water were added. Solutions 
11-15 were treated with 1 till 0.2N Sodium hydroxide for 1-2 
minutes, then 10 ul 50 mM Tris HCl pH 7.3 were added. 
Solutions 16-20 were treated with 1 till 0.2 N sodium 
hydroxide for 1-2 minutes, then 10 ul 100 mM Tris HCl pH 
7.3 were added. After these treatments, Solutions 7-18 were 
placed in a 37 C. incubator for 5 minutes. 

0813. A master mix was assembled as in Example 32 
After the treatments described above, 20 till of master mix 
were added to Solutions 1-18 and the Solutions were then 
incubated for 15 minutes at 37 C. After this incubation, the 
contents of the tubes were added to 100 u L/L reagent 
(Promega F202A) and the light production from the reac 
tions was read immediately using a Turner(R) TD 20/20 
luminometer. The following results were obtained. 

Relative Net Average 
Solution Light Units Light Units 

1. 1495 1343 
2 1540 
3 2.78.7 100.1 
4 269.5 
5 174 O 
6 625 1383.2 
7 1539 
8 3.05.1 106.9 
9 306.3 
1O 198.8 O 
11 1629 1408.8 
12 1638 
13 3O4.9 82.15 
14 3O8.8 
15 224.7 O 
16 1595 1350.2 
17 1567 
18 303.2 76.95 
19 312.3 
2O 230.8 O 

0814. These data indicate that either chemical denatur 
ation or heat denaturation can be used prior to primer 
pyrophosphorylation without greatly affecting the results. 
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FWF 5' GACAAAATACCTGTATTCCTCG 3' SEQ ID NO : 110 

FW8 5' GACAAAATACCTGTATTCCTTG 3' SEQ ID NO : 111 

EXAMPLE 38 

Reduction of Target Background by Removal of 
One Strand of by Double Strand DNA Target 

0815. A particular target produced by amplification of a 
Segment of the rice genome is interrogated in this Example. 
It was found that this target produced high background 
Signal values if nothing is done to eliminate one Strand of the 
amplified DNA target and did not exhibit discrimination 
between two primers that were designed to detect a SNP 
present in Some rice Strains. This Example illustrates how 
one can purposefully destroy one of amplified DNA Strands 
and interrogate the other Strand. For this case in particular, 
Such manipulation result in greatly reduced background light 
Signal from the target, permitting clear determination of the 
interrogation signal. 

0816) Probes RS1 (SEQ ID NO:129) and RS2 (SEQ ID 
NO:130) were dissolved at a concentration of 50 pmolefulL 
in water. Probe RS1 contained phosphorothioate linkages at 
the first four 5'-terminal linkages that are not cleaved by the 
enzyme used in the reaction. DNA was insolated from rice 
and was at a concentration of 10 ug/mL. The following 
Solution was assembled in duplicated: 

Component Volume (uL) 

10 x DNA Polymerase buffer 5 
without MgCl2 (Promega M190A) 
25 mM MgCl, (Promega A351A) 3 
10 mM dNTP mixture (Promega C114A) 1. 
Primer RS1 (50 pmol/uL) 1. 
Primer RS2 (50 pmol/uL) 1. 
Rice genomic DNA (10 ngfulL) 1. 
Water 38 
Taq DNA Polymerase (Promega M186A) 

0817. These solution were heated to 94° C. for two 
minutes, then Subjected to the following temperature cycling 
program for 35 cycles: 0.5 minutes, 94 C.; 1 minute, 60° C.; 
1 minute, 70° C. Then the solution was held at 70° C. for 7 
minute then cooled to 4 C. 

0818. The two reaction tubes were pooled and mixed and 
then 13-25 lull Samples were removed and placed into 
individual tube. The compositions whiting the individual 
tubes were treated with T7 Exonuclease 6 (USB, E700254) 
as follows. 

Solution 1 No Exo 6 addition or further heating 
Solution 2 50 U of EXO 6 and heated for 15 

minutes at 37 C. 
Solution 3 50 U of Exo 6 and heated for 

30 minutes at 37° C. 
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0819. The DNA in the resulting solution was purified 
using the following method: 

0820) 1. 200 lull of a slurry containing 15 ul Magne 
Sil" paramagnetic particle (Promega) in Solution con 
taining 0.4 M guanidine thiocyanate and 0.08M potas 
Sium acetate were added to each Sample. 

0821 2. The MagneSil'TM paramagnetic particles were 
mixed in the Solution and held against the Side of the 
tube with a magnet. 

0822. 3. The particles were washed twice with 200 till of 
70% ethanol by addiction of the solution to the tubes, 
resuspension of the particles in the Solution, recapture of the 
particles against the tube walls with the magnet and removal 
of the particle-free Solution 
0823 4. The particles were resuspended in fifty microli 
ters of water. 

0824) 5. 200 uL 0.4 M GTC and 0.08 M potassium 
acetate were added to each. 

0825 6. Step 2 was repeated as described above except 
that three washes with 70% ethanol were performed. 
0826 7. The particle were resuspended in 100 u water, 
the particles were captured against the Side of tube, and the 
Solution containing the purified DNA was transferred to a 
new tube 

0827. A master mix was made as described in Example 
32, and primers RS3 (SEQ ID NO:131) and RS4 (SEQ ID 
NO:132) were resuspended at a concentration of 1 mg/mL in 
water. Each of the purified DNAS was assembled into 
reaction Solution as described below. 

Probe Purified DNA Water 
Solution (uL) Target (uL) (uL) 

Wild Type 1, RS3 4 15 
(WT) Probe 
Variant 1, RS4 4 15 
Probe 
No Probe Ole 4 16 

0828 These solution were heated at 95°C. for 3 minutes, 
then placed in a 37 C. incubator for 10 minutes. After the 
10 minute incubation, 20 till of master mix were added to all 
tubes and tubes were incubated again for 15 minutes at 37 
C. After this second incubation, the Solution were added to 
100 ul L/L reagent (Promega, F202A) and the light produced 
measured immediately using a Turner(RTD 20/20 luminom 
eter. 

0829. The following results were obtained: 

Relative Light 
Units Measured 

Target WT Probe Variant Probe No Probe 

No Exo 6 759.0 776.O 4O16 
Treatment 
15 min. Exo 6 556.6 138.4 1223 
Treatment 
30 min. Exo 6 543.2 257.4 2O3.O 
Treatment 

77 
Sep. 29, 2005 

0830 Calculation of Net Light Units and Ratio of 
Response 

Net Light Units 

Target WT Probe Variant Probe Ratio 

No Exo 6 357.4 374.4 0.95 
Treatment 

15 min. Exo 6 434.3 16.1 27.0 
Treatment 

30 min. Exo 6 340.2 54.4 6.25 
Treatment 

*Net light units are calculated by subtracting the no probe value from the 
other two values 
**Ratio is calculated by dividing the net light units for the WT probe by 
the net light units for the variant reaction. 

0831. The exonuclease used in this example hydrolyzes 
double-stranded DNA in a 5' to 3' direction, but cannot 
hydrolyze the DNA if phosphorothioate linkages are present 
on the 5' end of the DNA to be digested. Thus, the treatment 
used above should eliminate one strand of the amplified 
DNA made by extension of primer RS2 but should not 
eliminate the strand made by extension of primer RS1. This 
treatment both reduced the response of reactions without 
primer and permitted the discrimination of the SNP at the 
interrogation Site. 

SEQ ID NO: 129 

RS2 5' TCTCAAGACACAAATAACTGCAG 3' SEQ ID NO : 130 

RS3 5' AGAACATCTGCAAGG 3' SEQ ID NO : 131 

RS4 5' AGAACATCTGCAAGT 3' SEQ ID NO : 132 
* signifies the presence of a phosphor othioate link 
age between the indicated bases. 

EXAMPLE 39 

Determination of SNPs in DNA Isolated from Plant 
Materials 

0832. The procedures detailed in Example 38 are used 
here to determine the genotype of rice DNAS at a known 
SNP Site. 

0833 Five coded DNA samples and two DNA samples of 
known genotype (the “G” allele and the “T” allele) were 
obtained and subjected to amplification with probes RS1 
(SEQ ID NO:129) and RS2 (SEQ ID NO:130)as described 
in the previous Example. The DNA was then treated with T7 
Exonuclease 6 for 15 minutes at 37 C. and purified as in the 
previous Example. The resulting purified DNA was sub 
jected to pyrophosphorylation reactions using probes RS3 
(SEQ ID NO:131), RS4 (SEQ ID NO:132), or no probe and 
the reaction products added to L/L reagent (Promega, 
F202A) and light production measured as in the previous 
example. 
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0834. The following results were obtained: 

Relative Light Units Measured 

WT Probe Variant Probe 
DNA Analyzed (RS3 G Allele) (RS4T Allele) No Probe 

#1 784.5 307.5 229.9 
#2 286.3 882.7 227.9 
#3 291.5 862.4 2O2.9 
#4 560.4 195.5 158.2 
#5 7O6.8 235.5 187.7 
G Allele 810.7 2SO.O 189.2 
TAllele 416.6 1121 243.4 

0835 Net Light Units, Ratio and Called Genotype 

Net Light Units 

DNA WT Variant Called 
Analyzed Probe Probe Ratio Genotype 

#1 554.6 77.6 7.1 G Allele 
#2 58.4 654.8 O.09 TAllele 
#3 88.6 659.5 O.13 TAllele 
#4 402.2 37.3 10.8 G Allele 
#5 519.1 47.8 10.9 G Allele 
G Allele 621.5 60.8 10.2 G Allele 
Std. Deviation 
TAllele 173.2 877.6 O.2O TAllele 
Std. Deviation 

*Net light units = total light units - no primer values. 
**Ratio = Net light units WT primer/net light units variant primer 

0836. After these results were obtained, the identity of 
the DNA samples was uncoded and all the called genotypes 
agreed with the previously determined genotype of these 
Samples. These results demonstrate the assay described in 
this Example can be used to determine SNPs in plant DNA 
and that removal of one DNA strand of a sample can help 
eliminate high background Signals from a template, permit 
ting SNPs to be determined. 

RS1 

5' C*C* C*A*ACACCTTACAGAAATTAGC 3' SEQ ID NO : 129 

RS2 
5' TCTCAAGACACAAATAACTGCAG 3' SEQ ID NO : 130 

5' AGAACATCTGCAAGG 3' SEQ ID NO : 131 

5' AGAACATCTGCAAGT 3' SEQ ID NO : 132 

(* signifies the presence of a phosphor othioate 
linkage between the indicated bases.) 

EXAMPLE 40 

Improvement in Allele Discrimination by Varying 
Reaction Conditions and ATP Stability in the 

Pyrophosphorylation Solution after 
Pyrophosphorolysis 

0837. As shown in several previous Examples, pairs of 
probes can be used to determine the genotype of a DNA 
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Segment using coupled enzymatic reactions. One way to 
present the discrimination of different alleles using this 
technology is to report the relative detection signals as a 
ratio, as shown in the Example above. In this Example, a 
study is described that illustrates that the ratio between the 
Signals from matched and mismatched probes can be varied 
by alteration of the reaction conditions. In addition, the 
reaction Solutions are incubated on ice to demonstrate that 
determining the amounts of ATP generated following pyro 
phosphorylation of the probes does not have to be performed 
immediately if the Solutions are placed on ice. 
0838) Oligonucleotides CV1 (SEQ ID NO:86), CV2 
(SEQ ID NO:35), and CV3 (SEQ ID NO:83) were dissolved 
to 1 mg/mL in water and CV3 was diluted to a concentration 
of 0.3 ug/mL in water. Oligonucleotide CV1 was designed 
to match a known Sequence in the CMV viral genome. 
Oligonucleotide CV2 was designed to match the same 
region of the Viral genome, but to hybridize exactly to a 
known drug resistance form of the Virus that contained 
Single base changes in this region. Oligonucleotide CV3 was 
designed to match a larger region of this viral DNA and is 
used as a target for the hybridization of probes CV1 and CV2 
in the study below. 
0839 Nine samples of each of the three following solu 
tions were assembled: Solution 1: 18 lull water, 1 u CV3 
and 1 till CV1; Solution 2: 18 till water, 1 u CV2 and 1 till 
CV3; and Solution 3: 19 uL water, 1 u CV3. These 
Solutions were heated at 91 C. for 5 minutes, then cooled at 
room temperature for 10 minutes. 

0840 Three solutions of Klenow exo- were prepared by 
mixing the following: 

Enzyme solutions 

Component Klenow #1 Klenow #2 

1x DNA Polymerase Buffer* 4 itL 8 it 
Klenow Exo Minus 6 itL 2 it 
(Promega M218B) 

*= Made by 1:10 dilution of Promega 10 x DNA Polymerase Buffer 
(M195A with water). 

0841. These manipulations produced solutions of Kle 
now exo- at concentrations of 6 U?ul and 2 U?ul for the 
Klenow #1 and Klenow #2 solutions, respectively. 
0842) A master mix was made by assembling the follow 
ing: 

Component Amount (ul) 

10 x DNA Polymerase Buffer 12O 
water 432 
10 mM Sodium Pyrophosphate 15 
NDPK (1 UuL) 6 
10 uM ADP (Sigma) 12 

0843. After mixing, 195 it samples of master mix were 
placed into each of three separate 1.5 mL microfuge tubes 
labeled MMH1, MMH2 and MMH3, and 5ulL of Klenow exo 
minus, Klenow #1 and Klenow #2, as described above, were 
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added to those tubes. Twenty microliter samples of each of 
those mixes were separately added to each of 3 tubes of 
Solution 1, three tubes of Solution 2 and three tubes of 
Solution 3 after the before-described solutions had cooled to 
room temperature. The tubes were then incubated at 37 C. 
for 15 minutes. Four microliters of the Solution in each tube 
were immediately added to 100 uL of L/L reagent (Promega 
F202A) and the light production of the resulting solution 
was read immediately using a Turner(RTD 20/20 luminom 
eter. The tube containing the remaining Solution was placed 
on ice. Periodically, four microliter Samples of the remaining 
solution in each of the tubes were added to 100 lull of L/L 
reagent (Promega F120B) and the light production of the 
resulting Solution read as before to determine if the values 
first Seen changed over time. The average values for the 
triplicate readings are given below. 

Reading CV1/CV3 CV2/CV3 No Probe 
Time* (min) Reactions Reactions Reactions Ratio 

Klenow used: 5 Ufreaction 

Zero 235.4 31.1 2.98 8.26 
15 231.9 30.2 2.76 8.40 
3O 233.8 32.2 3.41 8.00 
45 219.7 32.8 8.60 8.77 
60 218.5 31.8 4.41 7.87 

Klenow used: 3 U/reaction 

Zero 2008 26.3 6.27 9.8O 
15 min 2O7.2 31.9 14.9 11.2 
30 min 1913 26.3 7.30 9.71 
45 min 2O2.O 26.7 6.34 9.62 
60 min 1928 25.9 6.03 9.43 

Klenow used: 1 Ufreaction 

Zero 217.5 24.6 8.03 12.65 
15 206.8 35.5 23.8 15.9 
3O 2OO.O 24.4 9.24 12.7 
45 210.7 24.9 5.70 10.6 
60 210.7 24.5 6.12 11.1 

* Reading time = time from placement of the tube on ice post 37 C. incu 
bation. 
**Ratio = ratio obtained by dividing the average net CV1/CV3 reaction 
value by the average net CV2/CV3 reaction value. Net reaction values 
were calculated by subtracting the no probe reaction value from the value 
obtained with the indicated probe. 

0844. The ratio calculated above provides a measurement 
of the relative Strength of the Signals of perfectly matched 
Versus mismatched probes at different enzyme levels. 
Because the ratio is higher as the amount of enzyme 
decreased, improved specificity of detection is seen at the 
lower enzyme amounts used than at the higher amounts 
used. Because the absolute Signal Strength of the matching 
probe/target Substrate does not vary much over the enzyme 
levels used, these data illustrate that one way to improve 
detection specificity is through the optimization of enzyme 
concentrations and that the optimal concentration for the 
enzyme Klenow eXo- can be at or below 1 U/reaction in 
SOC CSCS. 

0845 The readings, taken up to an hour after the place 
ment of the reaction tubes on ice, do not show much change 
Versus those read immediately. These results Suggest that the 
ATP level in the reactions does not need to be measured 
immediately but that the measurement can be performed up 
to at least one hour post incubation if the Solutions are placed 
OCC. 
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5' CACTTGATATTACACCCATG 3' SEQ ID NO: 85 

5' CACTTGATATTACACCCGTG 3' SEQ ID NO:35 

5' GCAACGCTACCTTTGCCATGTTTG 3' SEQ ID NO: 83 

EXAMPLE 41 

Improved Allele Discrimination with Automated 
ATP Measurement 

0846 Improved allele discrimination is demonstrated in 
this Example by varying reaction conditions. In addition, the 
ability to automate the reading of the Samples by the use of 
a plate luminometer that can add the needed reagent is 
illustrated. 

0847 Oligonucleotides FV1 (SEQ ID NO:25), FV2 
(SEQ ID NO:26), FV5 (SEQ ID NO:29) and FV6 (SEQ ID 
NO:30) were dissolved in water at 1 mg/mL, and then FV1 
and FV2 were diluted to 0.3 tug/mL in water. Solution 
FV1+2 is assembled from equal volumes of the diluted FV1 
and FV2. FV1 and FV2 are complementary strands of a 
Segment of the wild type Factor V gene except for a 3' 
overhang region of FV2. FV5 is an oligonucleotide probe 
Spanning the wild type Factor V gene in the region where the 
Factor V Leiden mutation occurs in the mutant gene. FV6 is 
an oligonucleotide probe Spanning the same region as FV5, 
but it is totally complementary to the Factor V mutant. 
Oligonucleotide FV5 is complementary to a region of FV1 
and oligonucleotide FV6 is complementary to FV2. FV5 and 
FV6 are the interrogation oligonucleotides. 
0848 Six replicates of the solutions below were 
assembled. 

FV5 FV6 FV1 - 2 Water 
Solution (uL) (uL) (uL) (uL) 

Solution #1 1. Ole 1. 18 
Solution #2 Ole 1. 1. 18 
Solution #3 Ole Ole 1. 19 
Solution #4 1. Ole Ole 19 
Solution #5 Ole 1. Ole 19 
Solution #6 Ole Ole Ole 2O 

0849. These solutions were heated at 91° C. for 7 minutes 
and cooled at room temperature for 15 minutes. 
0850. The following master mix was assembled. 

(uL) 

10 x DNA Polymerase Buffer (Promega M195A) 160 
40 mM Sodium Pyrophosphate (Promega L350B) 2O 
NDPK (1 UuL) 8 
10 uM ADP (Sigma) 16 
water 556 

0851. This solution was mixed and three 253 ul. Samples 
were put into Separate 1.5 mL microfuge tubes. Enzyme 
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dilutions of Klenow exo- to concentrations of 5 and 2.5 
U?ul were made as in Example 40. 

0852. A 13.5 Laliquot of Klenow exo- at 10, 5 and 2.5 
U?ul (the lower enzyme concentrations were produced by 
dilution of Stock enzyme as in the previous Example) was 
added to each of the master mix Samples. Each resulting 
Solution was mixed and 20 u, Samples of the resulting 
Solutions were added to two of each of the 6 different 
solutions heated at 95 C. before and cooled by incubation 
at room temperature. The resulting reaction Solutions were 
heated at 37 C. for 15 minutes and then placed on ice. 
0853. A microtiter plate was taken and 5 till samples of 
nanopure water (controls) added to multiple wells and 
replicate 5 till Samples of the various reaction mixes corre 
sponding to the reactions performed at one enzyme concen 
tration were also added to individual wells in the plate. The 
plates were then placed on ice. In total, four replicates of two 
Separate Sets of each reaction were put on the plate. In the 
Same way, two additional plates were assembled with the 
other reaction mixes for the other two enzyme concentra 
tions. The plates were then read on a Luminoskan(E) lumi 
nometer that was programmed to add 100 till of L/L reagent 
(Promega F202A) and immediately measure the lumines 
cence produced. 

0854. In addition, 5 till samples of the reaction mixes on 
ice were read in triplicate using a Turner(R) TD20/20 lumi 
nometer by adding the Sample to a tube containing 100 till 
of L/L reagent and immediately reading the light production 
of the resulting Solution. 
0855. The averages of the data for the results obtained 
were calculated and are presented below. Samples labeled 
match contain FV1+2 wild type target and FV5 wild type 
interrogation probe, previously described as Solution #1. 
Samples labeled "mismatch contain FV1+2 wild type target 
and FV6 mutant interrogation probe, previously described as 
Solution #2. 

Luminoskan Turner TD 20/20 
Average Readings Average Readings 

Relative Relative 
Sample Light Units Ratio Light Units Ratio 

10 UKlenow Data 

Match #1 76.55 179.8 
Match #2 71.46 210.7 
Mismatchf1 3.90 1116 
Mismatchfi2 4.61 40 11.71 52 
Target #1 1.70 5.32 
Target #2 1.51 5.16 
Probe FV1+1. 3.89 13.73 
Probe FV1+2 3.82 11.75 
Probe FV2#1 2.54 7.63 
Probe FV2#2 2.22 7.06 
No DNA#1 1.61 4.37 
No DNAli 1.31 4.90 

5 UKlenow Data 

Match #1 59.33 196.O 
Match #2 75.59 215.5 
Mismatchf1 3.60 11.28 
Mismatchfi2 3.47 54 10.17 43 
Target #1 1.77 5.21 
Target #2 1.56 4.73 
Probe FV1+1. 3.13 9.89 
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-continued 

Luminoskan Turner TD 20/20 
Average Readings Average Readings 

Relative Relative 
Sample Light Units Ratio Light Units Ratio 

Probe FV1+2 3.12 9.33 
Probe FV2#1 2.19 6.O1 
Probe FV2#2 2.22 6.32 
No DNA#1 1.58 4.17 
No DNAli 1.46 4.21 

2.5 UKlenow Data 

Match #1 68.83 235.6 
Match #2 72.20 245.8 
Mismatchii1 3.08 9.18 
Mismatchii.2 3.33 72 9.83 71 
Target #1 1.90 5.11 
Target #2 1.65 4.35 
Probe FV1+1. 3.11 9.70 
Probe FV1+2 2.12 10.99 
Probe FV2#1 2.07 5.79 
Probe FV2#2 2.12 6.08 
No DNA#1 1.62 4.14 
No DNAli 1.59 4.64 

See the text below. 

0856. The ratios reported in this Example were deter 
mined by first averaging the results from matching Samples 
then determining the net light production from the matching 
and mismatching Samples and dividing the net light produc 
tion from the matching reaction by that seen in the mismatch 
reaction. The net light production was determined by Sub 
tracting the estimated light contribution from the probes and 
target present in the reactions from the total light produced. 
The light production from the target reaction was considered 
to be the total of that contributed from the target specifically 
and that contributed by contaminating ATP from various 
components. The net increase from the probes alone was 
calculated by subtracting the average No DNA values from 
the probe values because it subtracted the contributions from 
contaminating ATP from the probe values. Thus, the formula 
used to determine the netlight production from the reactions 
WS 

Net Light=Total light-(target alone)+(probe alone-no 
DNA) 

0857. These data again indicate that improved allele 
detection results can be obtained by optimizing the amount 
of enzyme in the reaction. In addition, the results indicate 
that, while reading Samples on a commercially available 
plate luminometer with automated reagent addition does not 
give the same readings as another instrument, the ratio of the 
relative signal Strengths from reactions performed with 
matched and mismatched probes are approximately equal. 
Thus, automated reading of the reaction products can be 
used to perform allele determination. 

FW1 
5' CTAATCTGTAAGAGCAGATCCCTGGACAGGCGAG SEQ ID NO:25 

GAATACAGAGGGCAGCAGACAT 3' 

FW2 
5' ATGTCTGCTGCCCTCTGTATTCCTCGCCTGTCCA SED ID NO 26 

GGGATCTGCTCTTACAGATTAG 3' 
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FW5 

5' CTGCTGCCCTCTGTATTCCTCG 3' SEQ ID NO:29 

FW6 

5' CTGCTGCCCTCTGTATTCCTTG 3' SEQ ID NO:30 

EXAMPLE 42 

The Effects of Enzyme Reduction on Allele 
Discrimination 

0858 Allele discrimination is further improved in this 
Example by further reduction in the amount of enzyme used 
in the pyrophosphorylation reaction. Oligonucleotides CM1 
(SEQ ID NO:83), CM2 (SEQ ID NO:35) and CM3 (SEQ ID 
NO:86) were dissolved in water, and CM1 was then diluted 
to 0.3 ug/mL in water. These reagents were used to form the 
following Solutions. 

Solution CM1 (uL) CM2 (uL) CM3 (uL) Water (uL) 

#1 1. 1. 18 

#2 1. 1. 18 

#3 1. 19 

#4 1. 19 

#5 1. 19 

#6 2O 

0859. These solutions were heated to 91° C. for 7 min 
utes, then permitted to cool for 15 minutes at room tem 
perature. A master mix was assembled as in Example 41 
except that the volumes used permitted 5-390 till samples of 
the final mix to be placed into 50.5 mL microfuge tubes. 

0860) Klenow Exo- was diluted as described in Example 
40 except the dilutions were adjusted so the diluted solutions 
contained 20, 10, 5, and 2.5 units of enzyme per 10 it of 
diluted material. Ten microliters of the diluted enzyme 
solutions were added to four tubes containing 390 u of 
master mix. Ten microliters of 1x DNA polymerase buffer 
(made by 1:10 dilution of 10x DNA Polymerase buffer with 
water) were added to a fifth tube with master mix to serve 
as a no-enzyme control. Twenty microliters of each of the 
master mixes and control mix were added to groups of three 
of Solutions 1-6 above and each resulting Solution was 
heated at 37 C. for 15 minutes, then the tube was placed on 
ice. After all tubes were processed in this manner, 5 till 
samples from each of the tubes were separately added to 100 
AiL of L/L reagent (Promega, F202A) and the light produced 
by the solution immediately read using a Turner(RTD 20/20 
luminometer. The results for the triplicate determinations 
were averaged and those averages are presented in the table 
below. 

Sep. 29, 2005 

Relative Light Units Measured in 
Reactions at Various Enzyme Levels (enz/IX 

Reaction 2 U 1 U 0.5 U O.25 U 
Type enzfrX enzfrX enzfrX enzfrX O CZ. 

Matching 279.0 301.3 306.6 268.3 3.94 
probe 
Mismatched 24.51 23.95 25.02 13.7O 4.35 
probe 
CM1 alone 4.33 4.55 4.75 4.42 3.71 
CM2 alone 3.90 4.05 3.91 4.44 3.75 
CM3 alone 7.06 5.06 4.13 4.57 3.93 
No DNA 3.35 3.52 4.01 3.94 3.27 
Ratio 16.6 16.6 15.O 30.4 (nd) 

*Ratio determined by taking the net relative light units as described in 
Example 41 for the matching and mismatched primers and dividing the 
matching probe value by the mismatched probe value. 
(nd) = not determined. 

0861. These data show that a very large degree of allele 
discrimination can be obtained by lowering the Klenow 
Exo- level to 0.25 U/reaction. 

5' GCAACGCTACCTTGCCATGTTTG 3' SEQ ID NO: 83 

CM2 
5' CACTTGATATTACACCCGTG 3' SEQ ID NO:35 

CM3 
5' CACTTGATATTACACCCATG 3' SEQ ID NO: 86 

EXAMPLE 43 

Reduction of Background Light Production by 
Reduction of Enzyme Concentrations 

0862. A method to reduce the signal production from 
probes is demonstrated in this Example. Thus, probes PH1 
(SEQ ID NO:1), PH2 (SEQ ID NO:2), PH3 (SEQ ID 
NO:133), and PH4 (SEQ ID NO:3) were dissolved in water 
to a concentration of 1 mg/mL. The following Solutions were 
assembled in duplicate. 

Solution PH Probe (ul) Water (uL) 

#1 2O 
#2 1 PH1 19 
#3 1, PH2 19 
#4 1, PH3 19 
#5 1, PH4 19 

0863. The solutions were heated at 95° C. for 5 minutes 
then cooled at room temperature for 10 minutes. The fol 
lowing two master mixes were assembled. 

0.25 UMaster 5.0 UMaster 
Component Mix (uL) Mix (uL) 

10 x DNA Polymerase 2O 2O 
Buffer 
Klenow Exo- (1 U?uL)* 1.25 
Klenow exo- (10 UEuL) 2.5 
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0.25 UMaster 5.0 UMaster 

Component Mix (uL) Mix (uL) 

40 mM Sodium 2.5 2.5 

Pyrophosphate 
NDPK (1 UuL) 1. 1. 
ADP (10 uM, Sigma) 2 2 
Water 73.25 72 

*Made by a 1:10 dilution of Klenow exo- with 1x DNA polymerase 
buffer (1x DNA Polymerase buffer made by 1:10 dilution of 10 x DNA 
Polymerase Buffer). 

0864. These master mixes were mixed and 20 till of each 
master mix were added to one of each of Solutions 1-5 above 
and heated at 37 C. for 15 minutes. Duplicate four micro 
liter Samples of each Solution containing DNA were added 
to 10 uIl L/L reagent (Promega F202A) and the light 
produced was immediately read using a Turner(R) TD 20/20 
luminometer. A Single 4 till Sample of the reactions not 
containing DNA was also read by adding it to 100 ul of L/L 
reagent and reading as above. The following results were 
obtained. 

Relative Light Units 

0.25 UMaster Mix 5.0 UMaster Mix 
Reactions (LL) Reactions (LL) 

Solution 1st. 2nd. Avg. 1st. 2nd. Avg. 

#1 (no DNA) 6.89 7.32 
#2 (PH1) 6.82 6.36 6.60 8.42 8.63 8.50 
#3 (PH2) 17.38 14.25 15.8 195.1 185.8 1903 
#4 (PH3) 20.4 20.4 20.4 256.6 381.0 318.8 
#5 (PH4) 8.35 7.56 7.96 2O.24 32.68 26.5 

*Data are from a first (1".) and second (2".) reading that are averaged 
(Avg.). 

0865 These data indicate that probes PH2 and PH3 
produce very high probe-alone light Signals when a master 
mix containing 5 U of Klenow exo-freaction was used, and 
produced a greatly reduced light Signal when 0.25 U of 
Klenow exo-/reaction was used. Thus, Some probes that 
produce very high light values with one enzyme concentra 
tion can be useful in allele determination reactions if used in 
reactions with a lowered amount of enzyme. 

PH1 
5' CTGAACATGCCTGCCAAAGACG 3' SEQ ID NO: 1 

PH2 
5' CTGAACATGCCTGCCAAAGATG 3' SEQ ID NO: 2 

PH3 
5' CAGGAACGTAGGTCGGACACGT 3' SEQ ID NO : 133 

PH4 
5' CAGGAACGTAGGTCGGACACAT 3' SEQ ID NO:3 
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EXAMPLE 44 

Discrimination of Repeated DNA Sequences Using 
Pyrophosphorylation-Based Assay Methods 

0866 This Example illustrates an assay for determining 
the number of repeats of a four base pair Sequence in a DNA. 
Discrimination of Such repeat Sequences has been found to 
be very useful for identification of forensic samples. The 
probes in this set, TR1 (SEQ ID NO:137), TR2 (SEQ ID 
NO:138) and TR3 (SEQ ID NO:139) were designed to 
exactly match known alleles of the THO 1 locus with 6, 7, 
and 8 repeats respectively, of a CATT sequence. 
0867 Probes TR1-TR3 were suspended in water to a 
concentration of 1 mg/mL. Targets that were homozygous 
for THO 1 alleles with 6, 7 and 8 repeats were amplified 
using the protocol in the Gene PrintTM System instructions 
(Promega). These targets were named allele 6 (SEQ ID 
NO:134), allele 7 (SEQ ID NO:135) and allele 8 (SEQ ID 
NO:136), respectively. Gel-purified targets were PCR ampli 
fied and then further purified using the Wizard TM PCR 
Clean-up system (Promega, A7170) and the concentration of 
the DNA measured by DNAQuant (Promega). These targets 
were adjusted to a concentration of 1 tug/mL and to 3.3 
lug/mL by the addition of deionized water. The following 
Solutions containing probes were assembled in a final Vol 
ume of 20 u, by the addition of water. 

Solution Probe Target (ng) 

#1 allele 6, 1 
#2 TR allele 6, 1 
#3 TR2 allele 6, 1 
#4 TR3 allele 6, 1 
#5 allele 7, 1 
#6 TR allele 7, 1 
#7 TR2 allele 7, 1 
#8 TR3 allele 7, 1 
#9 allele 8, 1 
#10 TR allele 8, 1 
#11 TR2 allele 8, 1 
#12 TR3 allele 8, 1 
#13 allele 6, 3.3 
#14 TR allele 6, 3.3 
#15 TR2 allele 6, 3.3 
#16 TR3 allele 6, 3.3 
#17 allele 7, 3.3 
#18 TR allele 7, 3.3 
#19 TR2 allele 7, 3.3 
#2O TR3 allele 7, 3.3 
#21 allele 8, 3.3 
#22 TR allele 8, 3.3 
#23 TR2 allele 8, 3.3 
#24 TR3 allele 8, 3.3 

0868. These solutions were heated at 95° C. for 3 min 
utes, then permitted to cool by incubation at room tempera 
ture for 10 minutes. 

0869. The following master mix was made. 

Amount 
Component (uL)/reaction 

10 x DNA Polymerase Buffer 4 
40 mM Sodium Pyrophosphate 0.5 
10 uM ADP 0.4 
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Amount 

Component (uL)/reaction 

Klenow exo-, 10 UEuL 0.5 
NDPK, 1 UfulL O.2 
Nanopure water 14.4 

0870. This solution was mixed and 20 till of this solution 
were added to Solutions 1-24 above, and the resulting 
Solutions incubated for 15 minutes at 37 C. After this 
incubation, 4 till of the resulting solution were added to 100 
AiL of L/L reagent(Promega, F202A) and the light produced 
was immediately measured using a Turner(RTD20/20 lumi 
nometer. The following data were obtained. 

Relative 
Solution Light Units 

#1 3.97 
#2 50.79 
#3 5.94 
#4 6.03 
#4 3.79 
#5 67.23 
#7 28.94 
#8 6.73 

#9 3.19 
#10 49.52 
#11 30.99 
#12 30.63 

#13 8.62 
#14 256.90 
#15 16.74 
#16 13.83 

#17 6.73 
#18 2O6.5 
#19 110.2 
#2O 15.35 
#21 6.49 
#22 2719 

#23 150.5 
#24 154.8 

0871. The values from the no probe reactions above were 
Subtracted from the values for the various probe/target 
matches and the resulting values are shown in the table 
below. 

Relative Light Units With 1 ng of Target 

Allele TR1 TR2 TR3 
Assayed Probe Probe Probe 

Allele 6 44.46 -0.01 -0.44 
Allele 7 61.07 23.17 0.44 
Allele 8 43.97 25.83 24.95 
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O872) 

Relative Light Units With 3.3 ng of Target 

Allele TR1 TR2 TR3 
Assayed Probe Probe Probe 

Allele 6 245.08 4.88 1.73 
Allele 7 196.58 100.24 5.14 
Allele 8 262.22 140.78 144.83 

0873. If, in the repeat region, the probe contains the same 
number of repeats as the target or fewer, no mismatching 
bases should be present at the 3' end of the probe and a 
relatively strong signal is obtained. The TR1 probe shows 
Such a signal with targets containing 6, 7 or 8 repeats. 
However, if the probe contains more repeats in this region 
than are present in the target, mismatched bases are expected 
at the 3' end of the probe that should greatly reduce the 
Signal developed. AS expected, the TR3 probe gave a Strong 
Signal against the allele 8 target, but gave a much weaker 
Signal against the allele 7 and 6 targets. Because the Signal 
generated using the various probes can be used to determine 
the number of repeated units in the repeat region, this 
method can be used to determine the alleles present in 
Samples. 

0874. Using the above method, probes containing the 
Same number or fewer repeated Sequences as the target 
produced similar light output. When more repeats were 
present in the probe than the target, low analytical outputs 
were observed. The number of repeats in the target could 
thus accurately be determined by an indicative change in the 
analytical output, here, luminescence, between the Sepa 
rately assayed Samples. 

Allele 6 
5' GGTGAATGAATGAATGAATGAATGAATGAGGGAA SEQ ID NO: 134 

ATAAGGGAGGAAGAGGCCAATGGG 3' 

Allele 7 
5' GGTGAATGAATGAATGAATGAATGAATGAATGAG SEQ ID NO: 135 

GGAAATAAGGGAGGAAGAGGCCAATGGG 3' 

Allele 8 
5' GGTAGGTGAATGAATGAATGAATGAATGAATGAA SEQ ID NO: 136 

TGAATGAGGGAAATAAGGGAGGAAGAGGCCAATGG 

TR1 
5' CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATT SEQ ID NO: 137 

CATTCATTCATTCATTCATTCACC 3' 

TR2 
5' CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATT SEQ ID NO: 138 

CATTCATTCATTCATTCATTCATTCACC 3' 

TR3 

5' CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATT SEQ ID NO: 139 

CATTCATTCATTCATTCATTCATTCATTCACC 3' 



US 2005/0214753 A1 

EXAMPLE 45 

Discrimination of Repeated DNA Sequences. Using 
Pyrophosphorylation Based Assay Methods Using 

Another Class of Probes 

0875. A surprising result is presented in this Example that 
demonstrates that a class of probes that should only produce 
Signals with targets of a certain class, essentially give 
equivalent Signals with additional targets. Although these 
results do not match the predicted results, they can Still be 
used to determine the allelic composition of Samples. 

0876 The probes in the Example above were designed to 
hybridize to alleles of THO 1 that are used for genotyping 
humans. They were designed to hybridize as illustratively 
shown below for probe TR2 with targets of three alleles. 

0877) Hybridization of probe TR2 (top strand) with an 
Allele 6 target (bottom strand): 

CCCATTGGCCTCTTCCTCCCTTATTTCCCTCATT 

(CATT). CATTCATTCACC 

GGGTAACCGGAGAAGGAGGGAATAAAGGGAGTAA 

(GTAA), GTAAGTGG 

0878 Hybridization of probe TR2 (top strand) with an 
Allele 7 target (bottom strand): 

CCCATTGGCCTCTTCCTCCCTTATTTCCCTCATT 

(CATT). CATTCATTCACC 

GGGTAACCGGAGAAGGAGGGAATAAAGGGAGTAA 

(GTAA), GTAAGTAAGTGG 

0879) Hybridization of probe TR2 (top strand) with an 
Allele 8 target (bottom strand): 

CCCATTGGCCTCTTCCTCCCTTATTTCCCTCATT 

(CATT). CATTCATTCACC 

GGGTAACCGGAGAAGGAGGGAATAAAGGGAGTAA 

(GTAA), GTAAGTAAGTAAGTGGATGG 5' 

0880. As described in Example 44, when the target 
contains fewer repeats than the probe, mismatched bases can 
occur at the 3' end of the probe, creating a double Strand 
DNA region that is a very poor Substrate for the pyrophoS 
phorylation reaction. These predictions were verified with 
the results obtained. 

0881. In this Example, a new form of probe is used in the 
reactions. These probes are designed to extend beyond the 
repeat region and hybridize to the target following this DNA 
segment when they are hybridized to the allele with the 
correct number of repeat Segments. The predicted hybrid 
ization segments for the allele 7 probe (TR6) with the allele 
6, 7, and 8 targets are shown below. 
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0882) Hybridization of probe TR6 (top strand) with an 
Allele 6 target (bottom strand): 

CCCATTGGCCTCTTCCTCCCTTATTTCCCTCATT 

(CATT). CATTCATTCACC 

GGGTAACCGGAGAAGGAGGGAATAAAGGGAGTAA 

(GTAA), GTAAGTGGATGG 

0883 Hybridization of probe TR6 (top strand) with an 
Allele 7 target (bottom strand): 

CCCATTGGCCTCTTCCTCCCTTATTTCCCTCATT 

(CATT). CATTCATTCACC 

GGGTAACCGGAGAAGGAGGGAATAAAGGGAGTAA 

(GTAA), GTAAGTAAGTGGA 
TGG 5' 

0884) Hybridization of probe TR6 (top strand) with an 
Allele 8 target (bottom strand): 

CCCATTGGCCTCTTCCTCCCTTATTTCCCTCATT 

(CATT). CATTCATTCACC 

GGGTAACCGGAGAAGGAGGGAATAAAGGGAGTAA 

(GTAA), GTAAGTAAGTAAT 
GGAGTGG 5' 

0885. As shown above, probe TR6 was designed to form 
a product without 3' end mismatches with only allele 7. 
Thus, this probe was expected to only give a strong Signal 
with the allele 7 target. 
0886. In order to test the actual signals that such probes 
would give with various targets, probes TR4 (SEQ ID 
NO:140), TR5 (SEQ ID NO:141), TR6 (SEQ ID NO:142), 
TR7 (SEQ ID NO:143) and TR8 (SEQ ID NO:144) were 
dissolved in water to a concentration of 1 mg/mL. These 
probes were used with the targets Allele 6 (SEQ ID 
NO:134), Allele 7 (SEQ ID NO:135) and Allele 8 (SEQ ID 
NO:136) to generate the following solutions. As in the 
Example above, the final Volume of these Solutions was 
adjusted to 20 u, by the addition of water. The probes were 
used at a concentration of 1 lug/reaction. 

Soln. Probe Target (ng) 

#1 Allele 6, 
#2 TR4 Allele 6, 
#3 TR5 Allele 6, 
#4 TR6 Allele 6, 
#5 TR7 Allele 6, 
#6 TR8 Allele 6, 
#7 Allele 7, 
#8 TR4 Allele 7, 
#9 TR5 Allele 7, 
#10 TR6 Allele 7, 
#11 TR7 Allele 7, 
#12 TR8 Allele 7, 
#13 Allele 8, 
#14 TR4 Allele 8, 
#15 TR5 Allele 8, 
#16 TR6 Allele 8, 
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Soln. Probe Target (ng) 

#17 TR7 Allele 8, 1 
#18 TR8 Allele 8, 1 
#19 Allele 6, 3.3 
#2O TR4 Allele 6, 3.3 
#21 TR5 Allele 6, 3.3 
#22 TR6 Allele 6, 3.3 
#23 TR7 Allele 6, 3.3 
#24 TR8 Allele 6, 3.3 
#25 Allele 7, 3.3 
#26 TR4 Allele 7, 3.3 
#27 TR5 Allele 7, 3.3 
#28 TR6 Allele 7, 3.3 
#29 TR7 Allele 7, 3.3 
#30 TR8 Allele 7, 3.3 
#31 Allele 8, 3.3 
#32 TR4 Allele 8, 3.3 
#33 TR5 Allele 8, 3.3 
#34 TR6 Allele 8, 3.3 
#35 TR7 Allele 8, 3.3 
#36 TR8 Allele 8, 3.3 

0887. These solutions were heated at 95° C. for 3 min 
utes, then cooled at room temperature for 10 minutes. A 
master mix was assembled and added to these Solutions as 
in the previous Example. The resulting Solutions were then 
heated at 37 C. for 15 minutes and were sampled as in the 
previous Example. The Samples were added to L/L reagent 
(Promega, F202A) and the light output was immediately 
measured as in the previous Example. The following results 
were obtained. 

0888 Relative Light Units From Reactions Containing 

Probes With 1 ng of Target 
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Probes With 1 ng of Target 

Target TR4 TR5 TR6 TR7 TR8 

Allele 8 2.51 21.3O 27.54 30.99 39.04 14.84 
(none) (nd) 2.28 2.30 2.59 3.12 3.43 
Expected A5 A 6 A 7 A 8 A9 
Allele 
Detected 

0889 Relative Light Units from Reactions Containing 

Probes With 3.3 ng of Target 

Target TR4 TR5 TR6 TR7 TR8 

Allele 6 8.52 282.6 291.5 90.62 61.34 46.49 
Allele 7 12.23 276.2 237.8 286.4 103.4 74.92 
Allele 8 10.33 17O6 242.5 264.4 264.9 111.9 
(none) (nd) 3.56 3.11 3.25 3.63 3.60 
Expected A5 A 6 A 7 A 8 A9 
Allele 
Detected 

0890) Surprisingly, these probes did not provide the 
expected detection pattern. For example, probe TR6 was 
expected to only give a strong Signal with a target with allele 
7 (A7). Although the probe did show a lower signal with 
allele 6 (A 6) than with allele 7 (90.6 vs. 286.4 units, 
respectively), very little difference was seen between the 
signals with alleles 7 and 8 (A8) (286.4 vs. 264.4 units 
respectively). In general, all the probes exhibited Substan 
tially equal reactivity with any target that had the same 
number of repeated units or greater than the number of 
repeated units in the probe. These same probes showed 
lower Signals with targets having fewer repeat units than 
those present in the probe, with the Signal Strength seen 

Target TR4 TR5 TR6 TR7 TR8 decreasing as the difference in the number of repeat units 
Allele 6 2.14 47.4O 33.87 11.45 f.57 7.98 increased. Thus, although these probes clearly did not pro 
Allele 7 2.06 53.OO 30.97 30.43 12.38 10.41 vide the expected Signal patterns, they can be used to 

determine THO 1 alleles. 

Allele 6 
5' GGTGAATGAATGAATGAATGAATGAATGAGGGAAATAAGGGAGGAAGAGGC SEQ ID NO : 134 
CAATGGG 3' 

Allele 7 
5' GGTGAATGAATGAATGAATGAATGAATGAATGAGGGAAATAAGGGAGGAAG SEQ ID NO : 135 
AGGCCAATGGG 3' 

Allele 8 
5' GGTAGGTGAATGAATGAATGAATGAATGAATGAATGAATGAGGGAAATAAG SEQ ID NO : 136 
GGAGGAAGAGGCCAATGGG 3' 

TR4 
5' CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATT SEQ ID NO: 140 
CATTCATTCACC 3' 

TR5 
5' CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATTCATT SEQ ID NO: 141 
CATTCATTCACC 3' 

TR6 
5' CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATTCATT SEQ ID NO: 142 
CATTCATTCATTCACC 3' 
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TR7 
5." CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATTCATT 
CATTCATTCATTCATTCACC 3' 

TR8 
5." CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATTCATT 
CATTCATTCATTCATTCATTCACC 3' 

EXAMPLE 46 

Additional Probes for Detection of THO 1 Alleles 

0891 Additional probes are used in this Example to 
demonstrate that the creation of additional mismatches 
between THO 1 allele targets and probes can result in the 
formation of probe/target combinations that provide Strong 
signals with essentially one THO 1 allele. 
O892) Probes TR 9 (SEQ ID NO:145), TR10 (SEQ ID 
NO:146) and TR11 (SEQ ID NO: 147) were dissolved at 1 
mg/mL and assembled into reactions with target at 3 ng/re 
action with allele 6 (SEQ ID NO:134), allele 7 (SEQ ID 
NO:135), and allele 8 (SEQ ID NO:136) of THO 1 and 
without any target as described in the Example above. These 
Solutions were heated and cooled as in the previous 
Example. The resulting Solutions were treated with master 
mix, incubated, added to L/L reagent (Promega, F202A) and 
the light produced measured as in the previous Example. 
The following results were obtained. 

Relative Light Units 

Probe Probe Probe 
Target TR9 TR1O TR11 Ole 

Allele 6 59.74 35.86 75.78 8.96 
Allele 7 51.73 2.32 15.85 10.54 
Allele 8 58.58 25.37 33.67 9.85 
(none) 47.27 34.24 3.676 (nd) 

0893. The values for the probe alone and target alone 
reactions were subtracted from the values for the combined 
reactions and are shown in the table below. 

Relative Light Units 
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SEQ ID NO : 143 

SEQ ID NO : 144 

0894) 
between the probe and target lowers the Signal value mea 

Increasing the number of mismatched bases 

Sured, and in many cases decreases the values Seen below 
those attributable from background reactions. In particular, 
probes TR9, which has a mismatch of 2 base pairs, and 
TR10, which has an A to C mutation 3 bases from the end 
of the probe, do not exhibit the ability to detect THO 1 
alleles. However, probe TR11, which has a A to G change 3 
bases from the end of the probe, produced a measurable 
Signal with the allele 6 target that is greater than the Signals 
Seen with the other targets. 

0895 Probes TR12 (SEQ ID NO:148) and TR13 (SEQ 
ID NO:149) were then used as above. The following data 
were obtained. 

Relative Light Units 

Target Probe TR12 Probe TR13 

Allele 6 9.7 9.8 

Allele 7 5.0 7.1 

Allele 8 10.4 12.6 

(none) 3.0 2.9 

0896. These probes, having additional mismatches four 
base pairs from the 3' end of the probe, only provided very 
low light signals and apparently did not discriminate 
between the alleles of THO 1. Thus, these data suggest that 
probes that can provide allele-Specific Signals can be iden 
tified by designing probes with base pair mismatches placed 
in the probe Sequence near the 3' end of the probe. 

5' GGTGAATGAATGAATGAATGAATGAATGAGGGAAATAAGGGAGGAAGAGGC SEQ ID NO : 134 

Target Probe TR9 Probe TR1O Probe TR11 

Allele 6 3.51 -7.34 63.14 
Allele 7 -6.08 -22.46 1.63 
Allele 8 1.46 -18.72 2014 

Allele 6 

CAATGGG 3' 

Allele 7 

5' GGTGAATGAATGAATGAATGAATGAATGAATGAGGGAAATAAGGGAGGAAG SEQ ID NO : 135 
AGGCCAATGGG 3' 

Allele 8 

5' GGTAGGTGAATGAATGAATGAATGAATGAATGAATGAATGAGGGAAATAAG SEQ ID NO : 136 
GGAGGAAGAGGCCAATGGG 3' 



US 2005/0214753 A1 

-continued 

TR9 
5." CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATT 
CATTCATTCATTCAGC 3' 

5." CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATT 
CATTCATTCATTCCCC 3' 

TR11 
5." CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATT 
CATTCATTCATTCGCC 3' 

TR12 
5." CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATT 
CATTCATTCATTGACC 3' 

TR13 
5." CCCATTGGCCTGTTCCTCCCTTATTTCCCTCATTCATTCATT 
CATTCATTCATTAACC 3' 

EXAMPLE 47 

Discrimination of Repeated DNA Sequences. Using 
Pyrophosphorylation-Based Assay Methods-III 

0897. In this Example, PCR targets spanning between 6 
to 13 copies of the TPOX four nucleotide short tandem 
repeat were discriminated with probes Specific for the num 
ber of repeats using a pyrophosphorylation based assay. The 
targets were prepared by Standard PCR amplification of each 
of the (Promega, DC5111) TPOX bands that were previ 
ously gel-purified. The PCR cycling parameters were 94 C., 
1 minute (94° C., 15 seconds; 60° C., 30 seconds; 72°C., 60 
seconds)x35, 68 C., 10 minutes. The correct size of the 
PCR products was confirmed on a 4% polyacrylamide gel 
electrophoresis. The PCR products were purified using Wiz 
ard(R) PCR Purification System (Promega, A7170) and resus 
pended in water to a concentration of 10 ng?u. The inter 
rogation sequence probes were P6 (SEQ ID NO:150), P7 
(SEQ ID NO:151), P8 (SEQ ID NO:152), P9 (SEQ ID 
NO:153), P10 (SEQ ID NO:154), P11 (SEQ ID NO:155), 
P12 (SEQ ID NO:156) and P13 (SEQ ID NO:157). 
0898 Targets containing between 6 and 13 TGAA 
repeats were each interrogated with each of the interrogation 
probes listed above. The target alleles used were A6 (SEQ 
ID NO:158), A7 (SEQ ID NO:159), A8 (SEQ ID NO:160), 
A9 (SEQID NO:161), A10 (SEQID NO:162), A11 (SEQID 
NO:163), A12 (SEQ ID NO:164) and A13 (SEQ ID 
NO:165), respectively. The probes were at a final concen 
tration of 2.5 uM in the solution, 10 ng of target were used 
per reaction and the Volume was increased to 20 u, with 
water. The solutions were heated at 95 C. for 2 minutes, 
then cooled at room temperature over 10 minutes. 

0899 Twenty microliters of master mix were added to 
each solution (14.7 uL water, 4 ul 10x DNA polymerization 
buffer, 5 uL 40 mM NaPPi, 0.4 uL 10 uM ADP, 0.2 uL 
NDPK (1 U?uL), 0.2 ul Klenow exo- (10 U?uL)) and they 
were further incubated at 37 C. for 15 minutes. Then, 4 till 
of the solution were added to 100 lull of L/L reagent and the 
light output read with a Turner(RTD20/20 luminometer. The 
relative light units (rlu) obtained are reported below: 
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Raw rlu numbers 

Probe 

Target P6 P7 P8 P9 P10 P11 P12 P13 None 

A6 57.62. 16.80 15.65 28.51 23.37 25.31, 26.7O 47.48 14.08 
A7 23.29 73.44 22.39 37.28 20.31 25.01. 26.29 44.24 25.06 
A8 25.04 20.82 54.63 35.78 20.69 21.02 22.99 37.51 18.37 
A9 28.83 21.6O 25.03 85.98 30.71 28.55 29.54 SO.86 21.48 
A10 27.69 25.53 30.3O 42.38 61.04 30.21 27.71 46.30 32.8O 
A11 30.29 35.07 30.67 51.2O 4037 69.92 39.12 58.52 30.OO 
A12 35.36 25.43 29.71 45.14 28.44 38.76 63.31 57.05 40.24 
A13 39.35 27.67 29.92 42.56 33.59 32.8O 36.04 84.37 32.70 
None 8.67 6.29 9.15 27.98 14.18 16.51 16.22 32.98 4.66 

0900. The above values were adjusted for background 
and the negative numbers converted to Zero to provide the 
data in the table below. 

Probe 

Target P6 P 7 P 8 P 9 P10 P11 P12 P13 

A6 4 
A7 

A10 
A11 
A12 
A13 

2 

4 
1. 

1. 
2 

0901) The data indicate that the interrogation probes can 
recognize the presence of the related homozygote alleles of 
the TPOX locus. Similarly, heterozygote targets were 
assayed with the same Set of interrogation probes. Ten 
nanograms of each purified PCR target were included in 
each interrogation reaction. The reaction conditions were 
identical to those for the homozygote targets described 
above. The rlu values obtained are reported below. 
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EXAMPLE 48 

Interrogation for LOSS of Heterozygosity 

0906. In certain types of disease states such as some 
cancers, there is a change in the heterozygosity of the locus 

No oligo 
10732 
10732 
10733 
10733 
10734 
10734 

of certain alleles. For example, a non-cancerous cell may be 
heterozygous at a particular locus. In a cancer cell, however, 
one of the two alleles may be lost or deleted at the particular 
locus. This is referred to as loSS of heterozygosity. 

0907. This type of loss of heterozygosity (LOH) reaction 
was created by PCR-amplifying 25 ng (1 uL) and 50 ng (2 
uL) of two E. Coli targets (W3110, DH5O) with probes 
10730 (SEQ ID NO:166) and 10731 (SEQ ID NO:167) as 
described below. These probes span the AM1593 bp dele 
tion present in DH5C. DNA, but not present in W3110 DNA. 
The number of PCR cycles was optimized so amplification 
of the "heterozygote” target (1 till W3110 and 1 uL DH5O) 
produced one-half the amount of DNA in each band as did 
amplification of the “homozygote” target (2 till W3110 or 2 
uL DH5O) under the same amplification conditions. 
0908 PCR targets spanning the locus of interest were 
created in duplicate as follows: 

0909] 2 ul E. coli genomic DNA, W3110 or DH5C. for 
homozygote sample (50 ng); 1 u, each W3110 and 
DH5C. for the heterozygote sample; 1 till of W3110 or 
DH5C. for the LOH sample. 

5 ul 10 x Taq buffer with 15 mM MgCl2 (Promega, 
M188A) 

0.5 uL Probe 10730 (50 pmol) 
0.5 uL Probe 10731 (50 pmol) 
1 itL 10 mM dNTPs 
1 itL Taq DNA Polymerase (Promega, M186A) 

40 itL water 

0910 PCR cycling parameters were 96° C., 1 minute; 
(94° C. 15 seconds; 60° C. 30 seconds; 72° C. 45 seconds)x 
20; 72° C. 45 seconds. The PCR reaction was purified with 
500 ul Wizard TM PCR Purification Resin (Promega, A7181) 
according to manufacturer instructions and eluted with 25 
till water. 

0911) The duplicate DNA targets (1 uL) were then inter 
rogated in duplicate, with 1 lug (200 pmol) probe 10732 
(SEQ ID NO:168), a sequence common to both W3110 and 
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DH5C.; 1 lug (200 pmol) probe 10733 (SEQ ID NO:169), a 
sequence completely matching only W3110 DNA; and 1 lug 
(200 pmol) probe 10734 (SEQ ID NO: 170), a sequence 
completely matching only DH5C. DNA. Four microliters of 
the interrogation reaction were combined with 100 ul L/L 
reagent (Promega, F202A) and the light output measured. 

hetero 
homozygotes Zygotes LOH oligo 

W1, W2 D1 D2 W D W1 W2 D1 D2 alone 

93 131 59 115 129 83 101 59 63 71 - 
91 372 542 48O 447 403 307 53 362 352 4 
95 465 536 494 479 419 295 257 364 349 4 
95 373 112 95 251 191. 218 173 67 76 6 
86 353 108 88 245 187 204 158 77 68 6 
185 212 427 384 337 264 1.81 161 182 263 111 
179 199 409 378 31.8 258 159 127 182 282 111 

0912. The deletion-specific interrogation oligonucleotide 
(10734) gave high background. In general these data show 
the utility of the technology for determination of LOH. 
However, two samples, the first W/W homozygote and first 
D LOH, give aberrant data for an unknown reason. 

10730 5' SEQ ID NO: 166 
CACTTTAIGCTTCCGGCTCGTATG 3." 
(lacz) 

10731 5' GGGATAGGTTACGTTGGTGTAGATGG SEQ ID NO: 167 
(lacz) 

10732 5' GTTGGGAAGGGCGATCGGTG 3' SEQ ID NO: 168 
(common lac probe) 

10733 5' GGGATGTGCTGCAAGGCGATT 3' SEQ ID NO: 169 
(wt lac probe) 

10734 5' GGATTCACTGGCCGTCGTGG 3' SEQ ID NO: 170 
(deletion lac probe) 

EXAMPLE 49 

Interrogation for Loss of Heterozygosity-CMV 

0913) The use of an interrogation assay to determine loss 
of heterozygosity with a synthetic cytomegalovirus (CMV) 
target is demonstrated in this Example. 
0914. The CMV target was chosen because the interro 
gating probe oligonucleotides (9211 (SEQ ID NO:86) and 
92.12 (SEQ ID NO:35) had been previously used and well 
characterized. Oligonucleotides 10800 (SEQ ID NO:171) 
and 10801 (SEQ ID NO:172) were annealed to produce a 
Synthetic target, “A”, representing a fragment of the CMV 
genome. Likewise, oligonucleotides 10803 (SEQ ID 
NO:173) and 10805 (SEQ ID NO:174) were annealed to 
produce a Synthetic target, “G” representing a fragment of 
the CMV genome. Targets A and G are identical except at 
one nucleotide position where they have the nucleotide 
resulting in their name. Both targets have SacI overhangs. 

0915. The targets were cloned into the SacI restriction 
site of pZERO-2 plasmid (Invitrogen) and transformed into 
TOP10 E. coli cells (Invitrogen). The presence of the correct 
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nucleotide Sequence in the A and G clones was confirmed by 
Sequencing. However, the G clone was found to contain an -continued 
unintended mutation at the nucleotide position three bases in SEQ ID NO : 172 
from the 5' end of the region that anneals to the interrogation 10801 3.ETSATTCATGG 
probes. Because this mismatch is near the 5' end of the 
interrogation probe annealing Sequence, it should not affect SEQ ID NO : 173 
the interrogation results. 10803 SECTIETACTGAACGTG 
0916. The following five target solutions were created 
with the A and G clones: 10805 5' corrorcocorrencGrcCarcadiatics 74 

0917) 1. Hetero: 125 pg A and 125 pg G/microliter GTGTAATATCAAAGTGGCATACACGAGCT 3' 

0918 2. LOHA: 125 pg A and no G/microliter SEQ ID NO : 175 
JH67 5' TCACACAGGAAACAGCTATGACCATG 3' 

0919. 3. LOH G: no A and 125 pg G/microliter 
- 0 SEQ ID NO : 176 

0920 4. Mix Ag: 125 pg A and 62 pg. G/microliter 11077 5' GCAAGGCGATTAAGTTGGGTAACG 3' 
- 0 M13 if d prob 

0921 5. Mix Ga: 62 pg. A and 125 pg G/microliter ( orward probe) 
SEQ ID NO: 86 

0922. These target Solutions were PCR amplified with the 9211 5' CACTTTGATATTACACCCATG 3' 
JH67 (SEQ ID NO:175) and 11077 (SEQ ID NO: 176) 
probes in the following reaction: SEQ ID NO: 35 

921.2 5' CACTTTGATATTACACCCGTG 3' 

0923 2 ul Target solution 
0924) 1 uL Probes JH67 and 11077 (50 pmol each) 
0925] 1 uL 10 mM dNTPs 
0926 5uL 1 OX Taq buffer 
0927. 1 uL Taq DNA polymerase 
0928 40 uL water 

0929. The PCR cycling parameters were: 96° C., 1 
minute; (94. C., 15 seconds; 60° C., 30 seconds; 72° C. 45 
seconds)x15; 72 C. 45 seconds. The entire PCR reaction 
was then purified with 500 ul Wizard TM PCR purification 
resin (Promega, A7170) according to manufacturers 
instructions. The DNA was eluted with 30 ul, TE buffer. A 
Standard interrogation reaction with 6 till target and 1 lug 
interrogation probe, was performed with the exception that 
2 units of Klenow eXo- were used per reaction. Four 
microliters of the final reaction were combined with 100 till 
of L/L reagent and the relative light units measured. 

EXAMPLE 50 

Self-Annealing Interrogation Probe 

0931 This Example illustrates use of a different type of 
oligonucleotide probe that is used to form a hairpin Structure 
in the interrogation technology of this invention. This study 
demonstrates a method for eliminating the need for adding 
a probe Specific to the interrogation Site to the interrogation 
reaction. 

0932 Here, the oligonucleotide probe anneals to the 
target Strand downstream of (3' to) the interrogation position 
in the target Strand. The oligonucleotide has at its 5' end an 
unannealed region of nucleotides followed by about 5 to 
about 20 nucleotides that are identical to the interrogation 
region on the target Strand. The annealed 3' end of the 
oligonucleotide is then extended through the interrogation 
position of the target Strand creating what is referred to as 

Oligo 
Heterozygote LOHA LOHG Mix Ag Mix Ga Alone 

No oligo 3O 40 65 29 34 51 19 59 26 41 
A oligo 279 340 74 329 27 27 258 309 50 164 5.2 

3O8 372 76 339 2O 26 351 330 83 167 5.2 
G. oligo 3O2 324 37 91 285 272 127 106 245 3O2 6.3 

278 325 3O 87 256 187 113 124 215 357 6.3 
A:G 1.01 110 2.26 3.76 O.09 O.11 2.54 2.78 O.29 OSO 
ratio 
G:A O.99 O.91 O-44 O.27 11.59 8.71 O.39 O.36 3.46 1.99 
ratio 

0930. These data illustrate that LOH can be determined 
using this method with appropriate interrogation probes. 

SEQ ID NO : 171 
10800 5' CGTGTATGCCACTTTGATATTACACCCATGAACGTG 

CTCATCGACGTGAACCCGCACAACGAGCT 3' 

extended probe. The hybrid is denatured and a hairpin 
structure formed between the extended probe strand and the 
5' end of the oligonucleotide probe. This region is then 
assayed in a Standard interrogation reaction to determine if 
a mismatch is present or not. 

0933 Four probes were designed to represent different 
types of hairpin formations that an extended probe Strands 
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may assume. These probes are 10207 (SEQ ID NO:177), 
10208 (SEQ ID NO:178), 10209 (SEQ ID NO:179), and 
10212 (SEQ ID NO:180). 
0934. These probes are predicted to form the following 
self-hybridized secondary structures when allowed to self 
anneal: 

0935 A5uL(5ug) aliquot of each of the four probes was 
diluted to 100 lull with nanopure water. They were then 
sequentially diluted 1:10 to a final dilution factor of 1:100, 
000. Twenty microliters of the diluted probes were heated, 
in separate tubes, at 95 C. for 3 minutes and cooled to room 
temperature for 10 minutes to permit self-annealing. Twenty 
microliters of Master Mix, as described in Example 1, were 
then added to each tube and the tubes were incubated at 37 
C. for 15 minutes. Ten microliters of the Solutions were 
added to 100 till of L/L reagent (Promega, F202A) and 
relative light units measured immediately with a Turner(R) 
TD20/20 luminometer. The no-probe control resulted in 
57.24 relative light units and the remaining probe results are 
reported below in relative light units (rlu). 

Log Probe 

dilution 102O7 10208 10209 10212 

-5 44.89 56.22 57.57 57.80 
-4 85.21 64.56 58.26 63.15 
-3 297.7 70.53 79.12 82.65 
-2 970.5 108.4 80.06 106.7 

0936 Probe 10207 worked as an efficient target for 
interrogation as expected, with probe 10208 providing the 
anticipated negative results. Probe 10212 has only a three 
base match So it may be un-extended, thus resulting in the 
low values. Probe 10209 likely has the 3' terminal nucleotide 
unannealed when the hairpin forms due to the mismatch at 
the third nucleotide in from the 3' end. Such an unannealed 
3' terminal nucleotide would account for the low rlu values. 

102O7 
5' ATGAACGTACGTCGGATGAGCACGTTCAT 3' SEQ ID NO: 177 

10208 
5' GTGAACGTACGTCGGATGAGCACGTTCAT 3' SEQ ID NO: 178 
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-continued 
10209 

5' ATAAACGTACGTCGGATGAGCACGTTCAT 3' SEQ ID NO: 179 

10212 
5' ATAAACGTACGTCGGATGAGCACG 3' SEQ ID NO: 18O 

EXAMPLE 51 

Determination of Viral Load 

0937. This Example illustrates that the presence of viral 
nucleic acid in Serum Samples can be determined to a 
detection level often copies of Viral nucleic acid per Sample. 
0938 Hepatitis C Virus (HCV) RNA was isolated from 
infected or uninfected human Serum Samples. A two-step 
RT-PCR was performed using HCV-specific probes and 
about 1000 viral equivalents of RNA, and samples were 
interrogated using the interrogation probe HCV1 (SEQ ID 
NO:181). 
0939. Two HCV positive samples, one HCV negative 
Sample, and a water control were analyzed in duplicate. The 
interrogation reaction was added to 100 till of L/L reagent 
(Promega F202A) and the light output measured immedi 
ately on a Turner(R) TD20/20 luminometer. The average 
relative light unit values were as follows. 

Water control 38.6 
HCV minus 239.0 
HCV positive (1) 1261.0 
HCV positive (2) 1390.O 

0940. To determine the sensitivity of viral detection using 
this technology, RT-PCR was performed on HCV positive 
and HCV negative controls as well as Samples estimated to 
contain 1000, 100, and 10 viral RNA copies. Twenty five 
microliters of each amplification reaction were purified 
using magnetic Silica as described in Example 38 and eluted 
in 100 till water. Four microliters of the eluted DNA were 
interrogated using the interrogation probe described above 
in a Standard interrogation reaction as described in Example 
32. The interrogation reaction was added to 100 till of L/L 
reagent and the light output measured on a Turner(E) TD 
20/20 luminometer. Ten copies of HCV are readily detected 
in this assay. The average relative light unit (rlu) values were 
as follows. 

Sample ru 

Water 49.0 
Water 54.2 
HCV neg control 59.4 
HCV neg control 62.1 
HCV pos control 653.7 
HCV pos control 743.1 
HCV 1000 copies 460.7 
HCV 1000 copies 429.5 
HCV 100 copies 405.1 
HCV 100 copies 404.3 
HCV 10 copies 1849 
HCV 10 copies 179.5 
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0941 HCV1: 

5' CTGCTAGCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGG 3' 
SEQ ID NO: 181 

EXAMPLE 52 

Interrogation of DNA Sequences from Genetically 
Modified Organisms 

0942. According to European Union (EU) Regulation on 
Novel Foods and Novel Food Ingredients, adopted in 1997, 
genetically modified foods must be labeled as such if they 
are “no longer equivalent” to their conventional counter 
parts. This includes when the foods have a different com 
position, use or nutritional value from the conventional food. 
The EU Subsequently decided that the presence of just a 
fragment of genetically modified protein or DNA is enough 
to make the product “no longer equivalent to conventional 
products for Soya and maize and, therefore, Such products 
require labeling. 
0943 Genetically modified organisms (GMO), particu 
larly plants, are often genetically modified to include the 
exogenous specific DNA of interest along with an exog 
enous transcription Sequence Such as the 35S promoter and 
the NOS terminator. In this example, the DNA of soya and 
maize Samples are analyzed for the presence or absence of 
the 35S promoter and NOS terminator. The PCR Primers 
35S-1 (SEQ ID NO:182) and 35S-2 (SEQ ID NO:183) were 
used to prepare a 235 bp PCR product. The Primers NOS-1 
(SEQ ID NO:184) and NOS-2 (SEQ ID NO:185) were used 
to prepare a 220 bp PCR product. 
0944 GMO positive and negative control DNA (20 ng) 
were PCR amplified using 50 pmol of the 35S promoter and 
NOS terminator PCR primer pairs. The PCR cycling profile 
was 94° C., 3 minutes; (94. C., 30 seconds; 54 C., 40 
seconds; 72 C., 1 minute)x40; 72 C., 3 minutes. The 
resulting PCR products (25 uD) were purified using mag 
netic silica and eluted in 100 till water as described in 
Example 33. Four microliters of the eluted PCR products 
were used in a Standard interrogation assay as described in 
Example 32 and the relative light unit (rlu) results are 
detailed in the following table. The 35S interrogation probes 
used were 11211 (SEQ ID NO:186) and 11210 (SEQ ID 
NO:187). The NOS interrogation probes used were 11212 
(SEQ ID NO:188) and 11213 (SEQ ID NO:189). 

PCR Interrogation 
DNA Oligos Oligos ru 

GMO minus, soy 35S 11210 166.6 
GMO minus, soy 35S 11210 172.0 
GMO minus, soy 35S 11211 206.8 
GMO minus, soy 35S 11211 2O5.8 
GMO minus, soy 35S Ole 95.7 
GMO minus, maize 35S 11210 245.O 
GMO minus, maize 35S 11210 254.3 
GMO minus, maize 35S 11211 271.3 
GMO minus, maize 35S 11211 275.7 
GMO minus, maize 35S Ole 116.0 
GMO positive, soy 35S 11210 1456.0 
GMO positive, soy 35S 11210 1442.O 
GMO positive, soy 35S 11211 1546.0 
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PCR Interrogation 
DNA Oligos Oligos ru 

GMO positive, soy 35S 11211 1529.O 
GMO positive, soy 35S Ole 865.O 
GMO positive, maize 35S 11210 1252.0 
GMO positive, maize 35S 11210 1299.0 
GMO positive, maize 35S 11211 1358.0 
GMO positive, maize 35S 11211 1361.0 
GMO positive, maize 35S Ole 705.6 
GMO minus, soy NOS 11212 73.9 
GMO minus, soy NOS 11213 75.8 
GMO minus, soy NOS Ole 76.1 
GMO positive, soy NOS 11212 615.O 
GMO positive, soy NOS 11213 616.6 
GMO positive, soy NOS Ole 98.0 

0945. The above data demonstrate that the interrogation 
reaction works for the identification of presence or absence 
of GMO DNA in DNA samples isolated from soy and maize 
products. The 35S PCR product gave high background 
values by itself, which can be reduced by using a primer with 
phosphorothioate linkages near the 5'-terminus for the PCR 
reaction followed by exo6 treatment to remove one strand of 
the PCR product as described in Example 38 and below. The 
PCR primers 35S1 and NOS1 were resynthesized to have 
phosphorothioate linkages between the first five bases at the 
5' end. The PCR reaction was repeated and the resulting 
PCR product treated with exoG and purified as described in 
Example 38. 

0946 Four microliters of the purified DNA were used for 
the Standard interrogation assay using the NOS primer 
11212 and the 35S primer 11211 with 5 units of Klenow 
exo-. The rlu data obtained are in the table below. 

PCR Interrogation 
DNA oligos oligo ru 

GMO minus, soy NOS 11212 52.3 
GMO minus, soy NOS 11211 6O2 
GMO minus, soy NOS Ole 53.3 
GMO positive, soy NOS 11212 277.1 
GMO positive, soy NOS 11211 84.4 
GMO positive, soy NOS Ole 75.7 
GMO minus, soy 35S 11212 57.8 
GMO minus, soy 35S 11211 66.9 
GMO minus, soy 35S Ole 54.6 
GMO positive, soy 35S 11212 99.7 
GMO positive, soy 35S 11211 397.6 
GMO positive, soy 35S Ole 86.O 
GMO positive, soy 35S - NOS 11212 249.4 
GMO positive, soy 35S - NOS 11211 290.1 
GMO positive, soy 35S - NOS 11211 + 11212 482.5 
GMO positive, soy 35S - NOS Ole 70.5 

0947 This method greatly reduced the background from 
the 35S PCR product and permitted better discrimination 
between the GMO positive and GMO minus DNA samples. 
Also, this example again demonstrates the utility of the 
technology for multiplexing both the PCR reaction and the 
interrogation reaction. AS Seen in the last four reactions 
above, the data show that the use of multiple PCR probes 
and/or multiple interrogation probes leads to identification 
of GMO organisms. 
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0948 35S promoter PCR primers: 

35S-1 5' GATAGTGGGATTGTGCGTCA 3' SEQ ID NO : 182 

35S-2 5' GCTCCTACAAATGCCATCA 3' SEQ ID NO : 183 
NOS terminator PCR primers 

NOS-1 5' TTATCCTAGTTTGCGCGCTA 3" SEQ ID NO : 184 

NOS-2 5 GAATCCTGCTGCCGGTCTTG 3' SEQ ID NO : 185 

0949 35S Interrogation oligonucleotide probes: 

11211 5' GCAAGTGGATTGATG 3' SEQ ID NO : 186 

11210 5' CCAACCACGTCTTCAAA 3' SEQ ID NO : 187 
NOS Interrogation oligonucleotide probes 

11212 5' TTTAGAGATGGGTTT 3" SEQ ID NO : 188 

11213 5' ATGATTAGAGTCCCG 3' SEQ ID NO : 189 

EXAMPLE 53 

Pyrophosphorylation Chain Reaction: High 
Sensitivity Detection Through Generation of New 

Targets by Probe Design 

0950 Pyrophosphorylation of a DNA/DNA or a DNA/ 
RNA hybrid with MMLV RT and Klenow Exo- does not 
take place when the dupleX has a 3' overhang. Two probes 
designed to hybridize to the target exactly, but also to each 
other to yield 3' overhangs, do not increase the background 
when present in the pyrophosphorylation reaction because 
they are not substrates for these enzymes when hybridized to 
each other. 

0951) If the hybridized, treated sample is subjected to the 
pyrophosphorylation reaction, the ends of the probe on the 
target Sequence are pyrophosphorylated. In this example, the 
presumption has been made that 5 bp are removed from 
these probes. After the reaction is complete, a total of "two 
ends worth” of nucleoside triphosphate is formed. 

0952 Heating the reaction components to 95 C. dena 
tures the hybrids from the first round. When the reaction is 
cooled, the denatured hybrid strands become available for 
hybridization to other probes. This reaction is now subjected 
to a Second round of pyrophosphorylation. The probes 
hybridized to the target Sequence again pyrophosphorylate 
generating another "two ends worth of nucleoside triphos 
phate. In addition, the original probes that have hybridized 
to unpyrophosphorylated probes are Substrates for the reac 
tion and also contribute “two ends worth” of nucleoside 
triphosphate. Thus, a total of “four ends worth” of nucleo 
side triphosphate are formed in this round. This is in addition 
to the “two ends worth' from round one, so a total of six 
ends worth are present after round two. 

0953 Cycling can continue for additional rounds. At the 
end of round 3 a total of 12 ends worth of nucleoside 
triphosphate are formed. At the end of round 4, a total of 20 
ends worth of nucleotide triphosphate are formed and at the 
end of round 5, a total of 30 ends worth of nucleotide 
triphosphate are formed. 
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EXAMPLE 54 

Pyrophosphorylation Chain Reaction II 

0954. The RNA concentration limit for detection is con 
siderably higher than DNA, which can be routinely detected 
in lower concentrations than RNA. This study demonstrates 
a way to increase nucleic acid detection Sensitivity using a 
pyrophosphorylation chain reaction. 

0955. Here, a low signal level from the initial reaction is 
augmented using a Series of probes that can be Substrates for 
pyrophosphorylation reaction only if the 3' end of the target 
is resultant from a previous pyrophosphorylation reaction. 
Unless there is pyrophosphorylation of the previous oligo 
nucleotide, it would have a 3' overhang when hybridized to 
the Second round oligonucleotide and thus would not func 
tion as a Substrate for the pyrophosphorylation reaction with 
Klenow exo- enzyme or MMLV RT. 

0956 Two probes, 9225 (SEQ ID NO:190) and 9276 
(SEQ ID NO:191), were prepared, each of which is comple 
mentary to probe 8272 (SEQID NO:192) and each of which 
is recessed on the 5' end when hybridized with probe 8272. 
Probe 9225 is recessed 2 bases and probe 9276 is recessed 
1 base. When probe 8272 hybridizes with either 9225 or 
9276, it is not a Substrate for Klenow exo- or MMLV RT 
because there is a 3' overhang. However, if probe 8272 is 
previously pyrophosphorylated (e.g. when hybridized to 
mRNA), it will create 5' overhangs when hybridized to 9225 
or 9276. Therefore, the second cycle of pyrophosphorylation 
enhances pyrophosphorylation values. Probe 8271 (SEQ ID 
NO:193) is used as a positive control, as it is an exact 
complement of probe 8272 and it is a pyrophosphorylation 
substrate for Klenow Exo- regardless of whether or not 
probe 8272 is previously pyrophosphorylated. 

0957) The following enzyme mix was assembled: 

36 uL 5 x MMLV-RT buffer (Promega, M531A) 
4.5 itL 40 mM NaPPi (Promega, C113A) 
9.0 uL 200 UuL MMLV-RT (Promega, M1701) 

0958 First cycle pyrophosphorylation reactions were set 
up to include the following. 

Reaction A Reaction B Reaction C 

10 mM Tris, pH 7.3 41.5 uL 42.5 uL 40.5 uL 
50 ng?u L Globin mRNA 2 it Ole 2 itL 
(Gibco BRL cath. 18103-028) 
100 ng?u L probe 8272 Ole 1 it 1 itL 
enzyme mix 16.5 uL 16.5 uL 16.5 uL 

0959. The three reactions were incubated at 37° C. for 60 
minutes then 15 till of each reaction were aliquoted into 4 
Separate tubes. For each Set of reactions, 2 till Tris, 2 ul 
probe 9225, 2 ul probe 9276, or 2 ul probe 8271 were 
added and the tubes were then further incubated at 55 C. for 
15 minutes and cooled to room temperature. This is referred 
to as the Second cycle hybridization mix. 
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0960. A master mix for the second round of pyrophos 
phorylation was assembled as follows: 

426 itL water 
80 uL 10x Pol Buffer 
10 uL 40 nM NaPP 
4 itL NDPK (1 UfulL) 

40 itL 2 mM ADP (Sigma) 
40 itL Klenow Exo 

0961 Fifteen microliters of master mix were added to 5 
till of each Second cycle hybridization mix. These tubes were 
then incubated at 37 C. for 30 minutes. Thereafter, 100 uof 
L/L reagent (Promega F202A) were added and the relative 
light units were measured on a Turner(RTD20/20 luminom 
eter. 

0962. The average of triplicate measurements is reported 
below in relative light units (avg. rlu). 

1st cycle 2" cycle probe avg. ru 

mRNA only Ole 22.16 
mRNA only 92.25 54.82 
mRNA only 9276 67.28 
mRNA only 8271 198.OO 
Probe 8272 only Ole 42.74 
Probe 8272 only 92.25 186.13 
Probe 8272 only 9276 910.13 
Probe 8272 only 92.71 1252.67 
mRNA - 8272 Ole 127.97 
mRNA - 8272 92.25 641.17 
mRNA - 8272 9276 1152.67 
mRNA - 8272 92.71 1122.33 

0963 Thus, after the removal of the 3' overhang due to 
pyrophosphorylation, probe 8272 hybridized with secondary 
probes becoming a substrate for 2" round of pyrophospho 
rylation. However, the results are confused due to an 
unknown reason by high background. Even without MRNA 
present, unpyrophosphorylated probe 8272, when combined 
with either probe 9225 or probe 9276 provided elevated 2" 
cycle rlu values. 

92.25 5' GGTGCATCTGTCCAGTGAGGAGAAGTCTGC 3' 
SEQ ID NO : 190 

9.276 5' TGGTGCATCTGTCCAGTGAGGAGAAGTCTG 3' 
SEQ ID NO : 191 

8272 5' AGACTTCTCCTCACTGGACAGATGCACCAT 3' 
SEQ ID NO : 192 

82.71. 5' ATGGTGCATCTGTCCAGTGAGGAGAAGTCT 3' 
SEQ ID NO : 193 

EXAMPLE 55 

Dual Probe Rolling Circle Amplification Prior to 
Interrogation 

0964. The amplification of target nucleic acid by means 
of rolling circle amplification prior to the interrogation 
reaction is examined in this Example as a Substitute meth 
odology for PCR amplification. A typical rolling circle 
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amplification of a circular target using two probes is 
described in Lizardi, P. M. et al. Nature Genetics, 19:227 
(1998). 
0965 The wild type target used in this study is oligo 
nucleotide 10870 (SEQ ID NO:194). The mutant target used 
is oligonucleotide 10994 (SEQ ID NO:195). The open circle 
probe which anneals to the targets is oligonucleotide 10865 
(SEQ ID NO:196). Rolling circle replication primer which 
anneals to the open circle probe is oligonucleotide 10866 
(SEQ ID NO:197). Rolling circle replication primer 10869 
(SEQID NO:198) has a 3'-terminal residue that anneals only 
to the wild type target, whereas probe 10989 (SEQ ID 
NO:199) has a 3'-terminal residue that anneals only to the 
mutant target. Probes 10869 and 10989 both have a nucle 
otide located 3 nucleotides from the 3'-terminal nucleotide 
that is not complementary to either the wild type or the 
mutant target. This mismatched base was intentionally 
incorporated to provide for increased specificity in the 
interrogation reaction. 

0966. This Example uses a synthetic heterozygote solu 
tion containing both the 10870 and 10994 oligonucleotides 
as targets. The 10865 oligonucleotide anneals to both of 
these targets in a similar manner, forming a circular target 
with a Seven base pair gap that needs to be filled in from the 
10865 3' end and ligated in order for complete rolling circle 
amplification to proceed. The annealing of the 10865 oli 
gonucleotide to 10870 wild type and 10994 mutant oligo 
nucleotides is diagrammed in FIG. 1. In the absence of 
ligation, no priming can occur. 

0967. The following heterozygote solution was 
assembled: 

2 itL 10 x ampligase buffer (Epicenter) 
2 itL 2 mM dTTP, dCTP, dATP 
1 itL 500 ug/mL probe 10865 (probe) 

0.5 uL 500 ug/mL probe 10870 (wild type target 
strand) 

0.5 uL 500 ug/mL probe 10994 (mutant target 
strand) 

1 itL 5 u?uLTfl DNA polymerase 
1 itL 5 u?uL Ampligase (Thermostable ligase, 

Epicenter) 
12 itL water 

0968 Likewise, the homozygote solutions were 
assembled using either 1 till probe 10870 and no 10994 to 
prepare the wild type homozygote target, or no 10870 and 1 
till 10994 to prepare the mutant homozygote target. Only 
three deoxynucleotides are included in the Solutions to 
prevent Strand displacement. The Solutions were incubated 
at 65 C. for 30 minutes after which time they were 
estimated to have formed about 2.5x10" circular molecules 
per microliter. After the 30 minutes of incubation they were 
diluted to about 2500 circular targets per microliter. The 
heterozygote, the homozygote wild type and homozygote 
mutant gap-fill ligations were then used to assemble the 
following amplification reactions. 
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Reaction: 

1. 2 3 4 5 6 

1 itL WT: WT Mult Mut 
Target 

homoz homoz, homoz, homoZ heteroZ heteroz 
0.5 uL Probe 10869 10989 10869 10989 10869 10989 

WT Mut WT Mut WT Mut 

*WT = wild type; Mut = mutant; homoZ = homozygote; and heteroZ = 
heterozygote 

0969 Additionally, each tube contained 2 till 10x Poly 
merase buffer, 1 uL 10 mM dNTPs, 0.5ulL probe 10866, 1 
till 1.2 tug?u T4 Gene 32, 1.5 till DMSO and 18.5 till water. 
The assembled components were then put on ice and 3 ul. 
Vent exo- (2 U?ul ) were added. The solutions were covered 
with 30 till of mineral oil and placed at 95 C. for 3 minutes 
then 65 C. for 90 minutes. The free nucleotides were then 
removed using the Wizard TM PCR purification system 
(Promega, A7170) and the DNA eluted with 50 uL water. 
0970) The following Master mix was assembled. 

30 uL 10 x Buffer A 
3.75 uL 40 nM NaPP 
15 uL T4 DNA polymerase (10 UEuL) 
3 uL NDPK (1 UfulL) 
3 utL 10 uM ADP (Sigma) 

245 uL water 

0971) One microliter of the above amplification reactions 
was added to 19 till master mix in duplicate tubes. The tubes 
were incubated for 15 minutes at 37 C., then 5 till of the 
reaction were added to 100 till of L/L reagent (Promega 
F202A) and light output was measured in a Turner(R) TD20/ 
20 luminometer. 

Relative 
light units 

Undiluted 1:4 diluted Second? 
Rxn target target probe Target 

1. 618.6 458.2 WT: WThomoz 
1. 621.6 457.7 WT WT homoZ. 
2. 282.4 90.2 Mut WT homoZ. 
2. 288.4 100.3 Mut WT homoZ. 
3. 365.9 148.6 WT Mut homoz, 
3. 379.8 149.9 WT Mut homoz, 
4. 632.5 461.5 Mut Mut homoz, 
4. 650.2 442.4 Mut Mut homoz, 
5. 606.1 381.1 WT heteroz 
5. 608.6 394.3 WT heteroZ 
6. 631.O 420.1 Mut heteroZ 
6. 637.3 411.4 Mut heteroZ 

*RXn = reaction; WT = wild type; Mut = mutant; homoZ = homozygote; 
and heteroZ = heterozygote 

0972. At the lower amount of target DNA, the 
mutant: wild type discrimination improves to 3-5 fold from 
the 2-3 fold exhibited when using the undiluted target DNA. 
This indicates that the Study using the undiluted target was 
likely out of the linear range. The heterozygote ratio for both 
Studies is close to the expected 1:1. 
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1087 O 

5' TTGCAGAGAAAGACAATATAGTTCTTGGAGAAGGTGGAA 
TCACACTGAGTGGA 3' 

SEQ ID NO : 194 

10994 

5' TTGCAGAGAAAGACAATATAGTTCTTTGAGAAGGTGGAATC 
ACACTGAGTGGA 3' 

SEQ ID NO : 195 

1086.5 

5 GAACTATATTGTCTTTCCTGATTCTGACTCGTCATGTCTCA 
GCTTTAGTTTAATACGACTCACTATAGGGCTCAGTGTGATTCCACCT 3' 

SEQ ID NO : 196 

10866 

5' CTAAAGCTGAGACATGACGAGTC 3' 

SEQ ID NO : 197 

10869 

5' CTCAGTGTGATTCCACCTTCACC 3' 

SEQ ID NO : 198 

10989 

5' CTCAGTGTGATTCCACCTTCACA 3' 

SEQ ID NO : 199 

EXAMPLE 56 

Tne Triple Mutant Tne Polymerase and 
Thermostable NDPK Used to Interrogate 

Congenital Adrenal Hyperplasia 

0973 Congenital adrenal hyperplasia (CAH) is a group 
of autosomal recessive diseaseS resulting from a wide range 
of mutations in the steroid 21-hydroxylase (CYP21) gene 
that contains 10 exons. There is a high level of nucleic acid 
homology (98% in exons, 96% in introns) between CYP21, 
the functional gene, and CYP21P, the nonfunctional pseudo 
gene. The many types of mutations in this gene that can lead 
to disease include complete gene deletions, large gene 
conversions, Single point mutations, and a Small 8 bp 
deletion See, White, et al., Hum. Mutat., 3:373-378, 
(1994). 
0974. The majority of the CAH disease-causing muta 
tions are sequences present in the nonexpressed CYP21P 
pseudogene, and arise in the CYP21 gene through recom 
bination between CYP21P and CYP21. Thus, one mutation 
detection Strategy Specifically detects the CYP21 gene, and 
not the CYP21P pseudogene. The frequency of disease 
carrying alleles in the population is about 1 in 50. 

0975. In this example, the CAH target was interrogated 
for a variety of mutations using Klenow exo- and yeast 
NDPK, and the results were compared to a similar analysis 
using Tne triple mutant thermostable DNA polymerase and 
a thermostable Pfu NDPK. Both wild type CAH PCR 
products, mutant Synthetic targets, and a pseudogene PCR 
product amplified from the cloned CYP21P pseudogene 
were utilized as targets in this assay. They are listed below. 
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0976 Primer pairs used in PCR amplification and the 
resulting products are as follows. 

Size PCR Segment 
Primers Segment Amplified 

10912 - 10909 1400 bp 5' end CYP21 
11461 - 1148O 918 bp 5' end CYP21 
10910 - 11286 1492 bp 3' end CYP21 
11535 - 11286 1496 bp 3' end CYP21 
10912 - 10911 2680 bp pseudogene 

(CYP21P) 

0977 Synthetic targets and interrogation oligos utilized 
are listed below. 

0978 PCR reactions were assembled to amplify regions 
of the CAH gene with 4 different probe sets, using undi 
gested human genomic DNA (Promega, G3041) as target 
(25 ng per reaction). For amplification of the pseudogene, 
human genomic DNA was predigested with the restriction 
enzyme Bcl I, which specifically cleaves the CYP21 gene 
upstream of the forward PCR probe, thus permitting only 
amplification of CYP21P Krone, Clinical Chem. 
44(10):2075-2082 (1998)). 
0979 The 2680 bp PCR product was amplified from 50 
ng of digested DNA and Subsequently cloned into the 
plasmid vector PGEM-T Easy (Promega, A1380) following 
the manufacturer's protocol. A clone was Selected and 
sequenced (USB Sequenase kit, US70770) to confirm it was 
indeed the pseudogene. The cloned CYP21P gene in the 
pGEM-T Easy vector was used in Subsequent amplifications 
to obtain pure pseudogene PCR product for mutation inter 
rogation analysis (100 pg of plasmid per PCR reaction). 
0980 All 50 till amplification reactions contained the 
following reagents: genomic DNA (as described above), 1 x 
reaction buffer (M1901), 1.0-1.5 mM magnesium chloride 
(all with 1.0 mM except probe pair 10912+10911 for 
pseudogene, which contained 1.5 mM MgCl, Promega, 
A3511), 200 uM each dNTP (C1141), 50 pmoles each probe, 
and 2.5 units Taq DNA Polymerase (M1665). 
0981. The following cycling profile was utilized for all 
amplifications: 5 minutes at 95 C.; 40 cycles of 30 seconds 
at 94 C., 1 minute at 55 C., 1 minute per kbp of product 

Target 
DNA 

CAHWT 
1400 bp 
CAHWT 

1400 bp 
CAHWT 

1492 bp 
CAHWT 

1492 bp 
CAHWT 

1492 bp 
CAHWT 

97 
Sep. 29, 2005 

at 72 C.; 8 minutes at 68 C.; Soak at 40 C. The products 
were analyzed on 1% agarose gels and compared to DNA 
molecular weight Standards to confirm product sizes were 
correct. An aliquot of each PCR reaction (25ul ) was then 
treated with 50 units T7 Gene6 Exonuclease (USB, 
E70025Y) for 15 minutes at 37° C., followed by purification 
using the Wizard TM PCR Prep DNA Purification System 
(Promega, A7170) with 3x1 mL 80% isopropanol washes. 
The exonuclease-treated DNA was eluted in 100 till of 
nuclease-free water. 

0982) Each interrogation assay (20 uL total volume) 
contained 4 till of purified PCR product or 5 ng of synthetic 
target, and 1 lug interrogation oligo probe (or water for the 
no-oligo background control). The reactions were incubated 
at 95°C. for 3 minutes, followed by 10 minutes at 37° C. for 
Klenow exo- or 55 C. for Tne polymerase. Twenty micro 
liters of master mix were added (2 mM sodium pyrophos 
phate, 0.2 uM ADP, 2x polymerase buffer (M195A for 
Klenow or M1901 for Tne), 5 mM magnesium chloride for 
Tne only, 1-2 U Klenow exo- and 0.2 U yeast NDPK or 1 
UTne triple mutant polymerase and 0.1 U Pfu NDPK) and 
the reaction incubated 15 minutes at 37° C. (Klenow exo-) 
or 55° C. (Tne). The entire reaction was then added to 100 
uL of L/L reagent (Promega FF202A) and light output read 
in a Turner(E) TD20/20 luminometer. 

0983. Although 55° C. was used in these studies with the 
Tne triple mutant polymerase and the Pful NDPK, higher 
temperatures can also be used. The 55° C. temperature 
Selected appeared to be a good compromise between inter 
rogation oligo annealing and enzymatic activity. Thus, 
higher incubation temperatures can be beneficial if longer 
interrogation oligos are utilized. 

0984. The table below contains the relative light units 
(rlu) obtained. The data represent the combined results of 
many Separate Studies using the various enzymes. The use of 
the Tne triple mutant polymerase and Pfu NDPK particu 
larly improved the discrimination ratio for the CAH wild 
type PCR products at mutation sites 2 and 6, whereas the 
thermostable enzymes improved the discrimination ratio for 
the mutant pseudogene PCR product at mutation sites 3, 4, 
and 5. The synthetic targets worked well with both enzymes, 
however the Signals and discrimination ratioS were higher 
for the thermostable enzymes at almost all of the mutation 
Sites. 

Tnef Tnef Thef 
Klenowf Klenowf Klenowf Pf Pf Pf 
NDPK NDPK NDPK NDPK NDPK NDPK 
No WT Mutant No WT* Mutant Mut 

oligo oligo oligo oligo oligo oligo Site 

176.9 105O.O 2O4.O 1. 

176.9 1149 625.5 2 

388.9 496.2 414.7 3 

388.9 881.4 383.9 4 

388.9 940.3 477.3 5 

388.9 205.2 2O7.0 6 






















































































































































































