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the sample to a nicking reaction to
produce a family of nicked fragments.
In certain embodiments, the nicking
reaction is performed in the presence
of a polymerase and nucleoside
triphosphates  to  amplify  nicked
fragments or portions thereof. The
nicked fragments or portions thereof
may be analyzed to determine the
source of the nucleic acid sample.
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ORGANISM FINGERPRINTING USING NICKING AGENTS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention is generally directed to compositions and
methods for identifying any type of organism or individual, where the invention
is based on creating and analyzing nucleotide sequence information

characteristic of nucleic acids present in the organism or individual.

Description of the Related Art

Nosocomial (hospital-based) infections have become one of the
most serious problems in infectious disease. Staphylococcus aureus is
exceeded only by Escherichia coli as a leading cause of nosocomial infections.
See, for example, Brumfitt, W. et al., Drugs Exptl. Clin. Res. 16:205-214 (1990).
One type of S. aureus, methicillin-resistant S. aureus, is of a particular interest
because it is resistant to all penicillin-based antibiotics.

Patients in the intensive care unit are very susceptible to bacterial
infections, due to interventions such as respiratory tubes and indwelling
catheters. E. coli and S. aureus, if intfroduced into surgical wounds, the blood
stream or the urinary tract, cause serious, sometimes life-threatening infections.
There is no easy solution to the problem, but a partial solution in most
"nosocomial outbreaks" is simply identifying the source of the infection. That is,
is the infectious agent coming from a common source (e.g., an infected nurse
or doctor, or an instrument such as a respirator) or is there some other reason
for the sudden emergence of a single type of bacterial infection.

Hospital laboratories can quickly identify the infectious agent (e.g.,
S. aureus), but they do not have the ability to determine whether a single strain
of the organism is causing the outbreak (and therefore a possible common
source) or if several different strains are responsible for the outbreak. At the

present time most outbreaks can only be characterized in retrospect, since the
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outbreak is over before the bacterial isolates can be identified. For example,
isolates can be identified in a matter of 1 or 2 days, but the strain identification
usually takes weeks or even months, because the strains are still analyzed by
slow culture-based methods which are labor intensive.

Current methods of strain typing bacteria include phage typing,
plasmid analysis, and antibiotic susceptibility (biotyping). See, for example,
Zuccarelli, A. et al.: J. Clin. Microbiol. 28:97-102, 1990; Tokue, Y. et al.,
Tohokin J. Exp. Med. 163:31-37, 1991; Coia, J. et al., J. Med. Microbiol.
31:125-132, 1990; Pennington, T. et al., J. Clin. Microbiol. 29:390-392, 1991;
Tveten, Y. et al., J. Clin. Microbiol. 29:110-1105, 1991; Fluit, A. et al., Eur. J.
Clin. Microbiol. Infect. Dis. 9:605-608, 1990; Thomson-Carter, F. et al., J. Gen.
Microbiol. 135:2093-2097, 1989; and Preheim, L. et al., Eur. J. Clin. Microbiol.
Infect. Dis. 10:428-436, 1991. These methods, currently used by the Centers
for Disease Control, are laborious, time consuming and often yield inconclusive
results.

A comprehensive understanding of biological systems requires
knowledge of the chemical composition of cellular systems, and this
understanding is becoming increasingly important in elucidating disease
mechanisms (Ban, E., Anal. Chem. 70:308A, 1998). Elucidating disease
mechanisms requires diagnostic tools for direct DNA sequencing, DNA
separation and isolation, and mRNA profiling as well as numerous protein
analysis techniques. Analytical methods in this research field must therefore be
rapid, accurate, sensitive and robust.

Interspersed repetitive DNA sequence elements have been
characterized extensively in eucaryotes although their function still remains
largely unknown. The conserved nature and interspersed distribution of these
repetitive sequences have been exploited to amplify unique sequences
between repetitive sequences by the polymerase chain reaction. Additionally,
species-specific repetitive DNA elements have been used to differentiate

between closely related murine species.
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Prokaryotic genomes are much smaller than the genomes of
mammalian species (approximately 10° versus 10° base pairs of DNA,
respectively). Since these smaller prokaryotic genomes are maintained through
selective pressures for rapid DNA replication and cell reproduction the non-
coding repetitive DNA should be kept to a minimum unless maintained by other
selective forces. For the most part prokaryotes have a high density of
transcribed sequences. Nevertheless, families of short intergenic repeated
sequences occur in bacteria.

The presence of repetitive sequences has been demonstrated in
many different bacterial species. Reports of novel repeated sequences in the
eubacterial genera, Escherichia, Salmonella, Deinococcus, Calothrix, and
Neisseria, and the fungi, Candida albicans and Pneumocystis carinii, illustrate
the presence of dispersed extragenic repetitive sequences in many organisms.
One such family of repetitive DNA sequences in eubacteria is the Repetitive
Extragenic Palindromic (REP) elements. The consensus REP sequence for
this family includes a 38-mer sequence containing six totally degenerate
positions, including a 5 bp variable loop between each side of the conserved
stem of the palindrome.

Previous studies have used repeated rRNA genes as probes in
Southern blots to detect restriction fragment length polymorphisms (RFLPs)
between strains. Repeated tRNA genes have been used as consensus primer
binding sites to directly amplify DNA fragments of different sizes by PCR
amplification of different strains. Limitations of both techniques include the use
of radioisotope and time-intensive methods such as Southern blotting and
polyacrylamide gel electrophoresis to clearly distinguish subtle differences in
the sizes of the DNA fragments generated. The latter technique could only
distinguish organisms at the species and genus level. The tDNA-PCR
fingerprints are generally invariant between strains of a given species and
between related species. Other previous studies include the use of species-
specific repetitive DNA elements as primer-binding sites for PCR-based

bacterial species identification. Though such methods allow species
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identification by PCR with picogram amounts of DNA, only single PCR products
are generated which precludes the generation of strain-specific genomic
fingerprints.

Accordingly, there exists a long-felt need for the development of
rapid bacterial strain typing technologies. The present invention fulfills this and

other related needs.

BRIEF SUMMARY OF THE INVENTION

The present invention is generally directed to compositions and
methods for identifying any type of organism or individual using nucleic acid-
based fingerprinting. The method relies on the creation of a family of nucleic
acid or oligonucleotide fragments formed by action of nicking agents on a
nucleic acid sample. In a preferred embodiment, the nicking reaction is
preformed in the presence of a polymerase and one or more (preferably all four
of the natural) deoxyribonucleoside triphosphates. Under this preferred
embodiment, the nucleic acid or oligonucleotide fragments or portions thereof
are created in higher concentration and are therefore more amenable to
characterization. According to this method, a family, also referred to herein as
a pattern, of nucleic acid or oligonucleotide fragments of known characteristics
(e.g., mass/charge ratios) are produced, which identify unambiguously an
organism or individual. The readout of the fingerprinting assay is preferably
matrix-assisted-laser-desorption ionization (MALDI) or liquid chromatography
time-of-flight (LC-TOF) mass spectrometry, however other characterization
methods may be used as well.

In a preferred aspect, a method has been devised according to
the present invention in which a set of oligonucleotides are linearly amplified
from template structures pre-existing in genomic DNA that can be used to
initiate their own exponential amplification. By utilizing adjacent, close, nicking
agent recognition sequences that occur infrequently in genomic DNA, short
oligonucleotides are linearly amplified in the presence of a nicking agent that

recognizes the nicking agent recognition sequences. The products from the

4



WO 2004/067765 PCT/US2004/002720

10

15

20

25

30

linear amplification, referred to herein as “initiating oligonucleotide” or “initiator,”
can then be coupled to a method for exponentially amplifying the initiating
oligonucleotides in true chain reactions. The linear and the exponential
amplification reactions can be made into a homogenous assay in which 108-
10° —fold amplification can be achieved in as little as 3 minutes. In certain
embodiments, the linear amplification reaction, the exponential amplification, or
both may be performed under isothermal conditions (e.g., at 60°C).

In certain embodiments, the exponential or string reaction is
composed of two reaction components: a first amplification reaction that
replicates the initiating oligonucleotide and a second amplification reaction that
replicatess the complement of the initiating oligonucleotide. In the exponential
reaction, two template oligonucleotides are used, a first template that comprises
a sequence complementary to the initiating oligonucleotide, and a second
template that comprises a sequence complementary to the complement of the
initiating oligonucleotide. Since the first template may anneal to the
complement of the initiating oligonucleobe and be used as a template for
amplifying the initiating oligonucleotide, and the second template may anneal to
the initiating oligonucleotide and be used as a template for amplifying the
complement of the initiating oligonucleotide, once the reaction is initiated, a
chain reaction ensues. The reaction has the peculiar property that a very high
level of stringency is required in order to trigger the chain amplification.

A useful example is taken from E. coli K12 in which 55 unique
oligonucleotides can be generated from genomic DNA without the use of pre-
synthesized probes or primers. The read-out is ideally done by mass
spectrometry (LC-TOF or MALDI) but can also be accomplished by other
means, e.g., using real-time fluorimetry or “self-amplifying arrays”.
Foreknowledge of the sequence of the individual or organism is not necessary
as it is possible to generate the fragments de novo from genomic DNA. The
methods described here permit the creation an assay panel of diagnostic

oligonucleotides that can identify any organism or individual.
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The present invention is advantageous over previous methods for
identifying bacterial species. Although previous studies have demonstrated that
species-specific repetitive DNA elements can be used as primer-binding sites
for I?CR-based bacterial species identification, these methods only generated
single PCR products in a single species. The present invention provides a
novel approach to using nicking agent recognition sites within a genomic DNA
to directly fingerprint bacterial (as well as viral, fungal, in fact, all prokaryotic
and eukaryotic genomes). The unique patterns of oligonucleotides generated
by a nicking agent recognition sequence identify different bacterial species and
strains. In addition, the present invention may produce polymorphic
oligonucleotide fragments that contain genetic variations (e.g., single nucleotide
polymorphisms, deletions, insertions, variable repeats) from eukaryotic
genomes. The characterization of these polymorphic oligonucleotide fragments
enables the identification of individual organism from which a nucleic acid
sample is obtained.

In one aspect, the present invention provides a method
comprising:

a) providing a nucleic acid sample;

b) treating the nucleic acid sample with components under
nicking conditions, where the components comprise:

i) a nicking agent;
and the conditions cause the nicking agent to nick the nucleic acid sample to
thereby produce a family of initiating oligonucleotide fragments;

c) subjecting one or more members of the family of initiating
oligonucleotide fragments to a characterization process to thereby provide
results; and

d) identifying a source for the nucleic acid sample based on
the results of the characterization process.

Optionally, the components of the above method further comprise:

ii) a polymerase; and

iii) a deoxyribonucleoside triphosphate.

6
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Optionally, the components of the above methods may further
comprise:

iv) a template oligonucleotide comprising from 3’ to 5':

(A)  afirst nucleotide sequence that is at least
substantially complementary to a nucleotide sequence present in one or more
members of the family of initiating oligonucleotide fragments;

(B)  asequence of one strand of a nicking agent
recognition sequence; and

(C) a second nucleotide sequence.

Optionally, the template is immobilized.

In certain embodiments, sequence iv)(B) is a sequence of an
antisense strand of the nicking agent recognition sequence, and sequence
iv)(A) is at least substantially identical to sequence iv)(C).

Optionally, the components of the above methods may further
comprising

V) a second template oligonucleotide, comprising, from 3’ to
5"

(A) afirst nucleotide sequence that is at least
substantially identical to a nucleotide sequence present in the one or more
members of the family of initiating oligonucleotide fragments;

(B) asequence of a sense strand of the nicking
agent recognition sequence; and

(C) asecond nucleotide sequence.

wherein sequence iv)(B) is a sequence of a sense strand of the
nicking agent recognition sequence.

Optionally, the 3’ terminus of template iv), the 3’ termini of
template v), or both are blocked. Optionally, sequence iv)(A) is exactly identical
to sequence iv)(C). Also optionally, template iv), template v), or both may be
immobilized.

Optionally, the components may further comprise a restriction

endonuclease.
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Optionally, the one or more members of the family of initiating
oligonucleotide fragments are 6-16 nucleotides in length.
In certain embodiments, the nicking agent is a nicking
endonuclease, such as N.BstNB | or N.Alw .
In certain embodiments, the polymerase is exo™ Vent polymerase,
Bst polymerase, or 9°Nm™ polymerase.
In certain embodiments, the characterization process is performed
at least partially by a technique selected from the group consisting of
luminescence spectroscopy or spectrometry, fluorescence spectroscopy or
spectrometry, mass spectrometry (such as MALDI or LC-TOF), liquid
chromatography, fluorescence polarization, and electrophoresis.
In another aspect, the present invention provides a template
oligonucelotide for amplifying a portion of a target nucleic acid, wherein
(i) the portion of the target is 6-16 nucleotides in length and
flanked by
(A)  asequence of one strand of a first nicking enzyme
recognition sequence, and
(B)  asequence of one strand of a second nicking
enzyme recognition sequence, or a sequence of one strand of a restriction
enzyme recognition sequence, and
(i)  the template oligonucleotide comprising from 3’ to 5
(A)  afirst nucleotide sequence that is at least
substantially complementary to the portion of the target,
(B) asequence of an antisense strand of a third nicking
enzyme recognition sequence, and
(C) asecond nucleotide sequence that is at least
substantially identical to the first nucleotide sequence.
Optionally, the first and third nicking enzyme recognition
sequences are identical to each other. Optionally, the first, second and third

nicking enzyme recognition sequences are identical to each other. In certain
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embodiments, some or all of the nicking enzyme recognition sequences are
recognizable by N.BstNB I.

Optionally, the 3’ terminus of the template oligonucleotide is
blocked. Optionally, the 3’ terminus of the template oligonucleotide is
immobilized.

In certain embodiments, the portion of the target is selected from
the products listed in Tables 1, 2, 4, 5, and 9. Optionally, the portion of the
target comprises a genetic variation (e.g.,single nucleotide polymorphism).

In another aspect, the present invention provides a composition
for amplifying a portion of a target nucleic acid, comprising a first template
oligonucleotide and a second template oligonucleotide, wherein

(i) the portion of the target is 6-16 nucleotides in length and
flanked by

(A)  asequence of one strand of a first nicking enzyme
recognition sequence, and

(B)  asequence of one strand of a second nicking
enzyme recognition sequence, or a sequence of one strand of a restriction
enzyme recognition sequence,

(i) the first template oligonucleotide comprises from 5’ to 3

(A)  afirst nucleotide sequence,

(B)  asequence of a sense strand of a third nicking agent
recognition sequence, and

C) a second nucleotide sequence that is at least substantially
complementary to the portion of the target, and

(iii)  the second template oligonucleotide comprises from 5’ to
3"

(A) afirst nucleotide sequence,

(B) asequence of a sense strand of a fourth nicking
agent recognition sequence, and

(C) asecond nucleotide sequence that is at least

substantially identical to the portion of the target.
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Optionally, the first, third and fourth nicking enzyme recognition
sequences are identical to each other. Optionally, the first, second, third and
fourth nicking enzyme recognition sequences are identical to each other. In
certain embodiments, some or all of the nicking enzyme recognition sequence
are recognizable by N.BstNB I.

Optionally, the 3’ termini of the first and second templates are
blocked. Optionally, the 3’ terminus of the first, the 3’ terminus of the second,
or both termini are immobilized.

Optionally, the portion of the target is selected from the products
listed in Tables 1, 2, 4, 5 and 9. Optionally, the portion of the target comprises
a genetic variation (e.g., single nucleotide polymorphism).

In another aspect, the present invention provides a composition
comprising:

(1)  anicking agent, and

(2)  atleast one fragment selected from the products listed in
Tables 1, 2,4,5and 9,

wherein the at least one fragment is produced at least partially by
action of the nicking agent.

Optionally, the nicking agent is N.BstNB | or N.Alw I.

Optionally, the composition may further comprise a restriction
endonuclease selected from Bcl I, Bsa Bl, Bsm |, Bsr | and Bsr D1, wherein the
atleast1, 2, 3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 50 fragments are
selected from the products listed in Table 9.

In another aspect, the present invention provides a kit for
identifying the source of a nucleic acid sample, comprising one or two template
oligonucleotides as described above for amplifying a portion of a genomic DNA
of an organism suspected to be the source of the nucleic acid sample, wherein
the portion of the genomic DNA is 6-16 nucleotides in length and flanked by

(A)  asequence of one strand of a first nicking enzyme

recognition sequence, and
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(B)  asequence of one strand of a second nicking enzyme
recognition sequence, or a sequence of one strand of a restriction enzyme
recognition sequence.

Optionally, the kit may further comprise a nicking enzyme that
recognizes one or more nicking enzyme recognition sequences in the
template(s).

In certain embodiments, the above kits may further comprise a
DNA polymerase and/or one or more deoxyribonucleoside triphosphate.

Optionally, the portion of the genomic DNA is selected from the
products listed in Tables 1, 2, 4, 5 and 9. Optionally, the portion of the genomic
DNA comprises a single nucleotide polymorphism.

In another aspect, the present invention provides an array,
comprising

(a)  asubstrate having a plurality of distinct areas; and

(b)  the template oligonucleotide of claim A1 or the composition

of claim B1 immobilized to at least one of the plurality of distinct areas.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically shows the cycle of the synthesis and
release of an amplified short oligonucletide. On the upper strand is indicated
the recognition site for the enzyme N.BstNB | (5'-GAGTC-3') and the specific
nicking site four bases downstream on this strand. The oligonucleotide
produced is indicated in blue, the primer in green and the template in red. The
lengths of the exemplary template and amplified oligonucleotides are shown in
the upper left drawing.

Figure 2 is a diagram of the reaction scheme for the exponential
amplification of oligonucleotides. The segments in red represent the sequence
complement of the oligonupleotide sequence to be amplified, the signal
sequence (shown in blue). The amplification template, 7, consists of two copies
of the signal complement flanking the nicking enzyme recognition site shown as

a light blue box, and a spacer sequence, shown as a green segment. The
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signal oligonucleotide (labeled o) is produced in the linear amplification cycle
for each amplification template created.

Figure 3 is a schematic representation of a template
oligonucleotide used in a replicator type of amplification reactions.

Figures 4a and 4b show the time of flight spectra of the
multiplexed amplification reaction in the presence of short oligonucleotides
generated from the genomic DNA of the E. coli strains K12 and 0157,
respectively.

Figure 5a and 5b show the MALDI spectra of the multiplexed
amplification reaction in the presence of short oligonucleotides generated from
the genomic DNA of the E. coli strains K12 and 0157, respectively.

Figure 6 shows real time fluorescence detection of the
oligonucleotide amplification by an MJ Opticon |. The time of amplification is
plotted on the X axis versus accumulated fluorescence on the Y axis. Each
curve from left to right represents a serial dilution of 3-fold. The starting
concentration of the trigger was 0.01 picomoles/microliter and the last dilution
(far right curve (bottom curve on figure)) was 1.9 x 107 picomoles/microliter.
This represents a dilution range of about 20,000-fold (39).

Figure 7 is a schematic diagram showing the ping-pong
amplification reaction cycle.

Figure 8 is a schematic diagram showing the application of the

ping-pong amplification reaction cycle in discriminating genetic variations.

DETAILED DESCRIPTION OF THE INVENTION

A. Overview

The present invention provides methods for identifying any type of
organism or individual using polynucleotide-based fingerprinting. The method
relies on the creation of a family of polynucleotides formed by action of nicking
agents on a nucleic acid sample. For instance, a nucleic acid sample may be

nicked by a nicking agent to produce various nicked nucleic acid fragments.
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The resulting nicked fragments are then characterized to determine the identity
of the organism from which the nucleic acid sample was obtained or derived.
Alternatively, a nucleic acid sample may be nicked by a nicking agent in the
presence of a DNA polymerase. The presence of the DNA polymerase allows
linear amplification of the nicked fragments or portions thereof, thus facilitates
the characterization of such fragments. These fragments may be further
amplified by coupling the linear amplification reaction with an exponential
amplification reaction. Such an exponential amplification greatly increases the
speed and the sensitivity of the identification methods.

The nicked fragments may be characterized to determine the
presence or absence of a particular fragment unique, or characteristic, to a
specific species, subspecies, or strain. The conclusion made from the
presence or absence of that particular fragment may be further verified by
determining the presence or absence of one or more other fragments also
unique, or characteristic, to the specific species, subspecies, or strain. In
certain embodiments, the presence or absence of particular fragments in a
nicking reaction mixture of a nucleic acid sample need not be determined.
Rather, the pattern formed by the resulting nicked fragments (e.g., a mass
spectrum of the nicked fragments) is characterized and compared with a
standard pattern known for a particular species, subspecies, or strain. The
standard pattern may be generated by performing the nicking reaction with a
nucleic acid sample from the particular species, subspecies or strain under
conditions identical to that of the nucleic acid sample. Alternative, the standard
pattern may be generated based on the known nucleic acid sequence of the
particular species, subspecies, or strain.

In certain embodiments, the present invention uses the presence
of closely located nicking agent recognition sequences. In the presence of a
nicking agent that recognizes such sequences, short oligonucleotide fragments
(e.g., 6-16 nucleotides long) may be generated or amplified. Short
oligonucleotide fragments may also be generated or amplified by the use of a

nicking agent in combination with a restriction enzyme if one or more
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recognition sequences of the nicking agent are located closely to the
recognition sequence(s) of the restriction enzyme. The resulting short
oligonucleotide fragments may be easily separated from other larger fragments.
Such separation simplifies the pattern generated from the characterization of
the nucleic acid fragments in a nicking reaction mixture. In addition, as will be
described in detail below, short oligonucleotide fragments may easily be
exponentially amplified to increase the speed and sensitivity of the present
methods. Short oligonucleotide fragments are also more suitable to certain
characterization technologies, such as LC-TOF and MALDI.

In some embodiments, the nicked fragments may also contain

genetic variations useful to distinguish among individual organisms.

B. Definitions

The following conventions and definition of terms as used herein
may be helpful to an understanding of the detailed description of the invention.
Additional definitions may be found throughout the description of the present
invention.

“Fingerprinting” refers to the identification of a source of nucleic
acid based on analysis of the nucleic acid according to the methods described
herein. For instance, fingerprinting may be applied to the identification of a
bacterial strain from its characteristic pattern of oligonucleotides produced by
action of a nicking agent (e.g., N.BstNB I). This characteristic pattern is the
strain's genomic “fingerprint”, which is determined by the sequence of the
strain’s genomic DNA.

The terms "3™ and "5™ are used herein to describe the location of
a particular site within a single strand of nucleic acid. When a location in a
nucleic acid is "3" to" or "3’ of" a reference nucleotide or a reference nucleotide
sequence, this means that the location is between the 3’ terminus of the
reference nucleotide or the reference nucleotide sequence and the 3' hydroxyl
of that strand of the nucleic acid. Likewise, when a location in a nucleic acid is
"5' to" or "5' of" a reference nucleotide or a reference nucleotide sequence, this
means that it is between the 5’ terminus of the reference nucleotide or the

14
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reference nucleotide sequence and the 5' phosphate of that strand of the
nucleic acid. Further, when a nucleotide sequence is "directly 3' to" or "directly
3' of" a reference nucleotide or a reference nucleotide sequence, this means
that the nucleotide sequence is immediately next to the 3' terminus of the
reference nucleotide or the reference nucleotide sequence. Similarly, when a
nucleotide sequence is "directly 5' to" or "directly 5' of" a reference nucleotide or
a reference nucleotide sequence, this means that the nucleotide sequence is
immediately next to the 5' terminus of the reference nucleotide or the reference
nucleotide sequence.

As used herein, "nicking" refers to the cleavage of only one strand
of a fully double-stranded nucleic acid molecule or a double-stranded portion of
a partially double-stranded nucleic acid molecule at a specific position relative
to a nucleotide sequence that is recognized by the enzyme that performs the
nicking. The specific position where the nucleic acid is nicked is referred to as
the "nicking site" (NS).

A "nicking agent” (NA) is an enzyme that recognizes a particular
nucleotide sequence of a completely or partially double-stranded nucleic acid
molecule and cleaves only one strahd of the nucleic acid molecule at a specific
position relative to the recognition sequence. Nicking agents include, but are
not limited to, a nicking endonuclease (e.g., N.BstNB 1) and a restriction
endonuclease (e.g., Hinc 1) when a completely or partially double-stranded
nucleic acid molecule contains a hemimodified recognition/cleavage sequence
in which one strand contains at least one derivatized nucleotide(s) that prevents
cleavage of that strand (i.e., the strand that contains the derivatized
nucleotide(s)) by the restriction endonuclease.

A "nicking endonuclease” (NE), as used herein, refers to an
endonuclease that recognizes a nucleotide sequence of a completely or
partially double-stranded nucleic acid molecule and cleaves only one strand of
the nucleic acid molecule at a specific location relative to the recognition
sequence. Unlike a restriction endonuclease (RE), which requires its
recognition sequence to be modified by containing at least one derivatized
nucleotide to prevent cleavage of the derivatized nucleotide-containing strand
of a fully or partially double-stranded nucleic acid molecule, a NE typically
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recognizes a nucleotide sequence composed of only native nucleotides and
cleaves only one strand of a fully or partially double-stranded nucleic acid
molecule that contains the nucleotide sequence.

As used herein, "native nucleotide" refers to adenylic acid,
guanylic acid, cytidylic acid, thymidylic acid or uridylic acid. A "derivatized
nucleotide” is a nucleotide other than a native nucleotide.

The nucleotide sequence of a completely or partially double-
stranded nucleic acid molecule that a NA recognizes is referred to as the
"nicking agent recognition sequence" (NARS). Likewise, the nucleotide
sequence of a completely or partially double-stranded nucleic acid molecule
that a NE recognizes is referred to as the "nicking endonuclease recognition
sequence” (NERS). The specific sequence that a RE recognizes is referred to
as the "restriction endonuclease recognition sequence” (RERS). A
"hemimodified RERS," as used herein, refers to a double-stranded RERS in
which one strand of the recognition sequence contains at least one derivatized
nucleotide (e.g., a-thio deoxynucleotide) that prevents cleavage of that strand
(i.e., the strand that contains the derivatized nucleotide within the recognition
sequence) by a RE that recognizes the RERS.

In certain embodiments, a NARS is a double-stranded nucleotide
sequence where each nucleotide in one strand of the nucleotide is
complementary to the nucleotide at its corresponding position in the other
strand. In such embodiments, the nucleotide of a NARS in the strand
containing a NS nickable by a NA that recognizes the NARS is referred to as a
"sequence of the sense strand of the NARS" or a "sequence of the sense
strand of the double-stranded NARS," while the nucleotide of the NARS in the
strand that does not contain the NS is referred to as a "sequence of the
antisense strand of the NARS" or a "sequence of the antisense strand of the
double-stranded NARS."

Likewise, in the embodiments where a NERS is a double-
stranded nucleotide sequence of which one strand is exactly complementary to
the other strand, the nucleotide of a NERS located in the strand containing a
NS nickable by a NE that recognizes the NERS is referred to as a "sequence of
a sense strand of the NERS" or a "sequence of the sense strand of the double-
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stranded NERS," while the nucleotide of the NERS located in the strand that
does not contain the NS is referred to a "sequence of the antisense strand of
the NERS" or a "sequence of the antisense strand of the double-stranded
NERS." For example, the recognition sequence and the nicking site of an
exemplary nicking endonuclease, N.BstNB I, are shown below with "y" to

indicate the cleavage site and N to indicate any nucleotide:

v

5'-GAGTCNNNNN-3'
3'-CTCAGNNNNN-5'

The sequence of the sense strand of the N.BstNB | recognition sequence is 5'-
GAGTC-3', whereas that of the antisense strand is 5-GACTC-3'.

Similarly, the sequence of a hemimodified RERS in the strand
containing a NS nickable by a RE that recognizes the hemimodified RERS (i.e.,
the strand that does not contain any derivatized nucleotides) is referred to as
“the sequence of the sense strand of the hemimodified RERS" and is located in
"the sense strand of the hemimodified RERS" of a hemimodified RERS-
containing nucleic acid, while the sequence of the hemimodified RERS in the
strand that does not contain the NS (i.e., the strand that contains derivatized
nucleotide(s)) is referred to as "the sequence of the antisense strand of the
hemimodified RERS" and is located in “"the antisense strand of the
hemimodified RERS" of a hemimodified RERS-containing nucleic acid.

In certain other embodiments, a NARS is an at most partially
double-stranded nucleotide sequence that has one or more nucleotide
mismatches, but contains an intact sense strand of a double-stranded NARS as
described above. According to the convention used herein, in the context of
describing a NARS, when two nucleic acid molecules anneal to one another so
as to form a hybridized product, and the hybridized product includes a NARS,
and there is at least one mismatched base pair within the NARS of the
hybridized product, then this NARS is considered to be only partially double-
stranded. Such NARSs may be recognized by certain nicking agents (e.g.,
N.BstNB ) that require only one strand of double-stranded recognition
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sequences for their nicking activities. For instance, the NARS of N.BstNB | may

contain, in certain embodiments, an intact sense strand, as follows,

5-GAGTC-3'
3'-NNNNN-5'

where N indicates any nucleotide, and N at one position may or may not be
identical to N at another position, however there is at least one mismatched
base pair within this recognition sequence. In this situation, the NARS will be
characterized as having at least one mismatched nucleotide.

In certain other embodiments, a NARS is a partially or completely
single-stranded nucleotide sequence that has one or more unmatched
nucleotides, but contains an intact sense strand of a double-stranded NARS as
described above. According to the convention used herein, in the context of
describing a NARS, when two nucleic acid molecules (i.e., a first and a second
strand) anneal to. one another so as to form a hybridized product, and the
hybridized product includes a nucleotide sequence in the first strand that is
recognized by a NA, i.e., the hybridized product contains a NARS, and at least
one nucleotide in the sequence recognized by the NA does not correspond to,
i.e., is not across from, a nucleotide in the second strand when the hybridized
product is formed, then there is at least one unmatched nucleotide within the
NARS of the hybridized product, and this NARS is considered to be partially or
completely single-stranded. Such NARSs may be recognized by certain nicking
agents (e.g., N.BstNB I) that require only one strand of double-stranded
recognition sequences for their nicking activities. For instance, the NARS of
N.BstNB | may contain, in certain embodiments, an intact sense strand, as

follows,

5-GAGTC-3'
3'-Ng.4-5'

(where "N" indicates any nucleotide, 0-4 indicates the number of the
nucleotides "N,"” a "N" at one position may or may not be identical to a "N" at
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another position), which contains the nucleotide of the sense strand of the
double-stranded recognition sequence of N.BstNB I. In this instance, at least
one of G, A, G, T or C is unmatched, in that there is no corresponding
nucleotide in the complementary strand. This situation arises, e.g., when there
is a “loop” in the hybridized product, and particularly when the sense sequence
is present, completely or in part, within a loop.

As used herein, the phrase "amplifying a nucleic acid molecule" or
amplification of a nucleic acid molecule” refers to the making of two or more
copies of the particular nucleic acid molecule.

The term "nucleic acid amplification reaction" refers to the process
of making more than one copy of a nucleic acid molecule (A) using a nucleic
acid molecule (T) that comprises a sequence complementary to the nucleotide
of nucleic acid molecule A as a template.

A first nucleic acid sequence is "at least substantially identical" to
a second nucleic acid sequence when the domplement of the first sequence is
able to anneal to the second sequence to form at least a transient duplex under
certain reaction conditions (e.g., conditions for amplifying nucleic acids). In
certain preferred embodiments, the first sequence is exactly identical to the
second sequence, that is, the nucleotide of the first sequence at each position
is identical to the nucleotide of the second sequence at the same position, and
the first sequence is of the same length as the second sequence.

A first nucleic acid sequence is "at least substantially
complementary" to a second nucleic acid sequence when the first sequence is
able to anneal to the second sequence to form at least a transient duplex under
certain reaction conditions (e.g., conditions for amplifying nucleic acids). In
certain preferred embodiments, the first sequence is exactly or compietely
complementary to the second sequence, that is, each nucleotide of the first
sequence is complementary to the nucleotide of the second sequence at its
corresponding position, and the first sequence is of the same length as the
second sequence.

A transient duplex between a first nucleic acid sequence and a
second nucleic acid sequence is formed when under given reaction conditions,
the 3’ terminal group of the first nucleic acid sequence (if unblocked) may be
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extended by a DNA polymerase using the second nucleic acid sequence as a
template; or the 3’ terminal group of the second nucleic acid sequence (if
unblocked) may be extended by a DNA polymerase using the first nucleic acid
sequence as a template. In certain embodiments, -at least 80% of the
nucleotides of the first nucleic acid in a region of at least 8 nucleotides are
complementary to the nucleotides of the second nucleic acid at their
corresponding positions. In other embodiments, at least 85%, 90%, 95%, 97%,
98%, or 99% of the nucleotides of the first nucleic acid in a region of at least 8,
9,10, 11, 12, 13, 14, 15, 16, 17, or 18 nucleotides are complementary to the
nucleotides of the second nucleic acid at their corresponding positions.

As used herein, a nucleotide in one strand (referred to as the "first
strand") of a double-stranded nucleic acid located at a position "corresponding
to" another position (e.g., a defined position) in the other strand (referred to as
the "second strand") of a double-stranded nucleic acid refers to the nucleotide
in the first strand that is complementary to the nucleotide at the corresponding
position in the second strand. Likewise, a position in one strand (referred to as
the "first strand") of a double-stranded nucleic acid corresponding to a nicking
site within the other strand (referred to as the "second strand") of a double-
stranded nucleic acid refers to the position between the two nuclectides in the
first strand complementary to those in the second strand between which nicking
occurs.

The term “isothermal conditions” refers to a set of reaction
conditions where the temperature of the reaction is kept essentially constant
(i.e., at the same temperature or within the same narrow temperature range
wherein the difference between an upper temperature and a lower temperature
is no more than about 20°C) during the course of the amplification. In certain
embodiments, a reaction is carried out under conditions where the difference
between an upper temperature and a lower temperature is no more than 15°C,
10°C, 5°C, 3°C, 2°C or 1°C. Exemplary temperatures for isothermal
amplification include, but are not limited to, any temperature between 50°C to
70°C or the temperature range between 50°C to 70°C, 55°C to 70°C, 60°C to
70°C, 65°C to 70°C, 50°C to 55°C, 50°C to 60°C, or 50°C to 65°C.
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The terms "polymorphism" and "genetic variation," as used herein,
refer to the occurrence of two or more genetically determined alternative
sequences or alleles in a small region (i.e., one to several (e.g., 2, 3, 4, 5, 6, 7,
or 8) nucleotides in length) in a population. The allelic form occurring most
frequently in a selected population is referred to as the wild type form. Other
allelic forms are designated as variant forms. Diploid organisms may be
homozygous or heterozygous for allelic forms.

In one aspect of the invention, the genetic variation is a "single-
nucleotide polymorphism" (SNP), which refers to any single nucleotide
sequence variation, preferably one that is common in a population of organisms
and is inherited in a Mendelian fashion. Generally, the SNP is either of two
possible bases and there is no possibility of finding a third or fourth nucleotide
identity at an SNP site.

C. Sample sources

Biological samples of the present invention include any sample
that originates from an organism and that may contain a nucleic acid of interest
(i.e., target nucleic acid). They may be provided by obtaining a blood sample,
biopsy specimen, tissue explant, organ culture or any other tissue or cell
preparation from a subject or a biological source. The subject or biological
source may be a human or non-human animal, a plant, a fungus, a bacterium,
and virus. In certain preferred embodiments of the invention, the subject or
biological source may be suspected of having, or being at risk for having, a
genetic disease or a pathogen infection. In other preferred embodiments, the
subject or biological source may be a patient that has a genetic disease or a
pathogen infection. In certain other embodiments, the subject or biological
source may be a control subject that does not have a genetic disease or a
pathogen infection.

In certain embodiments, a bacterial sample can be utilized as
starting material, provided it contains or is suspected of containing a bacterial
genome of interest. Such a sample may be obtained from any source that may
potentially be contaminated by bacteria. When looking for bacterial infection or
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in distinguishing bacteria from human or animal subjects, the sample to be
tested can be selected or extracted from any bodily sample such as blood,
urine, spinal fluid, tissue, vaginal swab, stool, amniotic fluid or buccal
mouthwash. In other applications, the sample can come from a variety of other
sources. For example, in horticulture and agricultural testing, the sample can
be from a plant, fertilizer, soil, liquid or other horticultural or agricultural product.
In food testing, the sample can be from fresh food or processed food (for
example infant formula, seafood, fresh produce and packaged food). In
environmental testing, the sample can be from liquid, soil, sewage treatment,
sludge and any other sample in the environment considered or suspected of
being contaminated by bacteria.

When the sample is a mixture of material for example blood, soil
and sludge, it can be treated with an appropriate reagent effective to open the
cells and expose or separate the strands of nucleic acids. Although not
necessary, this lysing and nucleic acid denaturing step will allow amplification to
occur more readily. Further, if desired, the bacteria can be cultured prior to
analysis and thus a pure sa}nple obtained.

Although fingerprinting genomic DNA according to the present
invention is primarily described herein, the present invention may also be used
to characterize other DNA molecules (e.g., cDNA). Thus, the methods
according to the present invention may also be applicable to characterize cDNA

expression patterns.

D. Nicking Reactions

The nucleic acids isolated from a biological source may be directly
used in a nicking reaction. Alternatively, they may be amplified via known
methods (such as PCR) prior to being subjected to action of a nicking agent.

As described above, a nicking agent may be a nicking
endonuclease (used interchangeably with “nicking enzyme”) or a restriction
endonuclease (used interchangeably with “restriction enzyme”). A nicking

endonuclease (NE) useful in the present invention may or may not have a
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nicking site that overlaps with its recognition seq'uence. An exemplary NE that
nicks outside its recognition sequence is N.BstNB |, which recognizes a unique
nucleic acid sequence composed of 5-GAGTC-3', but nicks four nucleotides
beyond the 3’ terminus of the recognition sequence. The recognition sequence
and the nicking site of N.BstNB | are shown below with "v" to indicate the

cleavage site where the letter N denotes any nucleotide:

v
5'-GAGTCNNNNN-3'
3'-CTCAGNNNNN-5'

N.BstNB | may be prepared and isolated as described in U.S. Pat. No.
6,191,267, incorporated herein by reference in its entirety. Buffers and
conditions for using this nicking endonuclease are also described in the 267
patent. An additional exemplary NE that nicks outside its recognition sequence
is N.Alwl, which recognizes the following double-stranded recognition

sequence:

v
5'-GGATCNNNNN-3'
3'-CCTAGNNNNN-5'

The nicking site of N.Alwl is also indicated by the symbol "v". Both NEs are
available from New England Biolabs (NEB). N.Alwl may also be prepared by
mutating a type lls RE Alwl as described in Xu et al. (Proc. Natl. Acad. Sci.
USA 98:12990-5, 2001).

Exemplary NEs that nick within their NERSs include N.BbvCl-a
and N.BbvCI-b. The recognition sequences for the two NEs and the NSs

(indicated by the symbol "y") are shown as follows:

N.BbvCl-a

v
5'-CCTCAGC-3'
3-GGAGTCG-5'
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N.BbvClI-b

5’-GCVTGAGG-3'
3'-CGACTCC-5'
Both NEs are available from NEB.

Additional exemplary nicking endonucleases include, without
limitation, N.BstSE | (Abdurashitov et al., Mol. Biol. (Mosk) 30: 1261-7, 1996),
an engineered EcoR V (Stahl et al., Proc. Natl. Acad. Sci. USA 93: 6175-80,
1996), an engineered Fok | (Kim et al., Gene 203: 43-49, 1997), endonuclease
V from Thermotoga maritima (Huang et al., Biochem. 40: 8738-48, 2001), Cvi
Nickases (e.g., CviNY2A, CviNYSI, Megabase Research Products, Lincoln,
Nebraska) (Zhang et al., Virology 240: 366-75, 1998; Nelson ef al., Biol. Chem.
379: 423-8, 1998, Xia et al., Nucleic Acids Res. 16: 9477-87, 1988), and an
engineered Mly I (i.e., N.Mly 1) (Besnier and Kong, EMBO Reports 2: 782-8,
2001). Additional NEs may be obtained by engineering other restriction
endonuclease, especially type lls restriction endonucleases, using methods
similar to those for engineering EcoR V, Alwl, Fok | and/or Mly 1.

A restriction endonuclease useful as a nicking agent can be any
restriction endonuclease (RE) that nicks a double-stranded nucleic acid at its
hemimodified recognition sequences. Exemplary REs that nick their double-
stranded hemimodified recognition sequences include, but are not limited to
Ava |, Bsl I, BsmA |, BsoB I, Bsr I, BstN I, BstO |, Fnu4H |, Hinc II, Hind Il and
Nci I. Additional REs that nick a hemimodified recognition sequence may be
screened by the strand protection assays described in U.S. Pat. No. 5,631,147.

In certain embodiments, a nicking agent may recognize a
nucleotide sequence in a DNA-RNA duplex and nicks in one strand of the
duplex. In certain other embodiments, a nicking agent may recognize a
nucleotide sequence in a double-stranded RNA and nicks in on strand of the
RNA. |

Certain nicking agents require only the presence of the sense

strand of a double-stranded recognition sequence in an at least partially double-
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stranded substrate nucleic acid for their nicking activities. For instance,
N.BstNB 1 is active in nicking a substrate nucleic acid that comprises, in one
strand, the sequence of the sense strand of its recognition sequence “5'-
GAGTC-3" of which one or more nucleotides do not form conventional base
pairs (e.g., G:C, A:T, or A:U) with nucleotides in the other strand of the
substrate nucleic acid. The nicking activity of N.BstNB | decreases with the
increase of the number of the nucleotides in the sense strand of its recognition
sequence that do not form conventional base pairs with any nucleotides in the
other strand of the substrate nucleic acid. However, even if none of the
nucleotides of “5'-GAGTC-3" form conventional base pairs with the nucleotides
in the other strand, N.BstNB | may still retain 10-20% of its optimum activity.

Several factors may be considered when choosing a particular
nicking agent for a fingerprinting assay according to the present invention.
These factors include but not limited to (1) whether the particular nicking agent
would produce nicked fragment(s), or a pattern of nicked fragments, unique to
the organism from which the nucleic acid sample is suspected to be; (2) the
lengths of nicked fragments unique to the organism from which the nucleic acid
sample is suspected to be and the characterization technologies; and (3) the
optimum temperature of the nicking agent. For instance, if mass spectrometry
is chosen as the characterization method, a nicking enzyme that would produce
short unique oligonucleotides may be desirable. In the embodiments whether
the nicking reaction is performed in the presence of a DNA polymerase, a
nicking enzyme with an optimum temperature similar to that of the DNA
polymerase may be desirable.

The nicking reaction may be simply performed by incubating the
nucleic acid sample with a nicking agent under appropriate conditions.
Identifying such appropriate conditions are within the ordinary skill in the art.
For instance, the nicking reaction may be performed at the optimum
temperature of the nicking agent and in a buffer suitable for the nicking agent.

The nicking reaction mixture that contains nicked nucleic acid

fragments may be directly characterized. The characterization may be
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performed by any known applicable methods, including but not limited to, liquid
chromatography, electrophoresis, hybridization and mass spectrometry. The
use of such methods may indicate the presence or absence of one or more
particular fragments unique to a species, subspecies, strain, or individual
organism from which the nucleic acid sample is suspected to be. Alternatively,
the use of such methods produces a pattern of nicked fragments, which may be
compared with the pattern generated from an organism from which the nucleic

acid sample is suspected to be.

E. Linear Amplification

In certain embodiments, the nicking reaction is performed in the
presence of a DNA polymerase so that nicked fragments or portions thereof
may be linearly amplified. The amplification produces a larger amount of
single-stranded nucleic acid or oligonucleotides, which increases the sensitivity
of the fingerprinting assays.

In such a nicking reaction, the 3' terminus at the nicking site is
extended by a DNA polymerase, preferably being 5'=3' exonuclease deficient
and having a strand displacement activity and/or in the presence of a strand
displacement facilitator, displacing the strand that contains the 5' terminus
produced by the nicking reaction. The resulting extension product having a
recreated NARS for the NA is nicked (“re-nicked”) by the NA. The 3' terminus
produced at the NS by the re-nicking is then extended in the presence of the
DNA polymerase, also displacing the strand that contains the 5' terminus
produced by the nicking reaction. The nicking-extension cycle is repeated,
preferably multiple times, to accumulate/amplify the displaced strand that
contains the ' terminus produced by the nicking reaction.

Various types of DNA polymerase may be used in the present
application. For instance, DNA polymerases useful in the present invention
may be any DNA polymerase that is 5> 3' exonuclease deficient but has a
strand displacement activity. Such DNA polymerases include, but are not

limited to, exo™ Deep Vent, exo™ Bst, exo™ Pfu, and exo” Bca. Additional DNA
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polymerases useful in the present invention may be screened for or created by
the methods described in U.S. Pat. No. 5,631,147, incorporated herein by
reference in its entirety. The strand displacement activity may be further
enhanced by the presence of a strand displacement facilitator as described
below. |

Alternatively, in certain embodiments, a DNA polymerase that
does not have a strand displacement activity may be used. Such DNA
polymerases include, but are not limited to, exo™ Vent, Taq, the Klenow
fragment of DNA polymerase |, T5 DNA polymerase, and Phi29 DNA
polymerase. In certain embodiments, the use of these DNA polymerases
requires the presence of a strand displacement facilitator. A "strand
disblacement facilitator” is any compound or composition that facilitates strand
displacement during nucleic acid extensions from a 3' terminus at a nicking site
catalyzed by a DNA polymerase. Exemplary strand displacement facilitators
useful in the present invention include, but are not limited to, BMRF1
polymerase accessory subunit (Tsurumi et al., J. Virology 67: 7648-53, 1993),
adenovirus DNA-binding protein (Zijderveld and van der Vliet, J. Virology 68:
11568-64, 1994), herpes simplex viral protein ICP8 (Boehmer and Lehman, J.
Virology 67: 711-5, 1993; Skaliter and Lehman, Proc. Natl. Acad. Sci. USA 91:
10665-9, 1994), single-stranded DNA binding protein (Rigler and Romano, J.
Biol. Chem. 270: 8910-9, 1995), phage T4 gene 32 protein (Villemain and
Giedroc, Biochemistry 35: 14395-4404, 1996), calf thymus helicase (Siegel et
al., J. Biol. Chem. 267: 13629-35, 1992) and trehalose. In one embodiment,
trehalose is present in the amplification reaction mixture.

Additional exemplary DNA polymerases useful in the present
invention include, but are not limited to, phage M2 DNA polymerase
(Matsumoto ef al., Gene 84: 247, 1989), phage PhiPRD1 DNA polymerase
(Jung et al., Proc. Natl. Acad. Sci. USA 84: 8287, 1987), T5 DNA polymerase
(Chatterjee et al., Gene 97: 13-19, 1991), Sequenase (U.S. Biochemicals),
PRD1 DNA polymerase (Zhu and lto, Biochim. Biophys. Acta. 1219: 267-76,
1994), 9°N,, ™ DNA polymerase (New England Biolabs) (Southworth et al.,
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Proc. Natl. Acad. Sci. 93: 5281-5, 1996; Rodriquez et al., J. Mol. Biol. 302: 447-
62, 2000), and T4 DNA polymerase holoenzyme (Kaboord and Benkovic, Curr.
Biol. 5: 149-57, 1995).

Alternatively, a DNA polymerase that has a 5’3’ exonuclease

activity may be used. For instance, such a DNA polymerase may be useful for

“amplifying short nucleic acid fragments that automatically dissociate from the

template nucleic acid after nicking.

In certain embodiments where a nicking agent nicks in the DNA
strand 6f a RNA-DNA duplex, a RNA-dependent DNA polymerase may be
used. In other embodiments where a nicking agent nicks in the RNA strand of
a RNA-DNA duplex, a DNA-dependent DNA polymerase that extends from a
DNA primer, such as Avian Myeloblastosis virus reverse transcriptase
(Promega) may be used. In both instances, a target mRNA need not be
reverse transcribed into cDNA and may be directly mixed with a template
nucleic acid molecule that is at least substantially complementary to the target
mRNA.
| In certain embodiments, it may be desirable to amplify shoﬁ
oligonucleotide fragments (e.g., 6-20 nucleotides in length). For instance, short
oligonucleotides are more suitable to certain characterization technologies,
such as LC-TOF and MALDI. In addition, short fragments may be easily and
more efficiently amplified to increase the speed and sensitivity of the present
methods. Such fragments also allow the use of a DNA polymerase that does
not have a strand displacement activity, or is not 5’ to 3’ exonuclease deficient.

Generation and amplification of short oligonucleotides is made
possible by the presence of one or more pairs of nicking agent recognition
sequences (or one nicking agent recognition sequence and one restriction
enzyme recognition sequence) in close proximity in a nucleic acid sample. In
certain embodiments, the proximity is about 12 to 24 nucleotides. Using
N.BstNB | as an exemplary nicking agent, the structure in the nucleic acid can

be visualized as follows:
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where N can be ény nucleotide, and the number of Ns in the upper strand that
is between the sequence of the sense strand of the N.BstNB | recognition
sequence (i.e., 5-GAGTC-3') and the sequence of the antisense strand of the
recognition sequence (i.e., 5-GACTC-3') may be between 12 and 24. After the
nicking step that takes place at 55 to 65°C, the duplex dissociates and forms

two amplification templates.

S j— GAGTCNNNN-3’ 5'“NNNNNNNNNNGACTC--mmnen3’
c Ja— CTCAGNNNNNNNNNN-5 3'“NNNNCTGAG------5’

In the presence of a polymerase, the recessed 3’-hydroxyl of each amplification
template is filled in by the polymerase, the nicking enzyme then again cleaves
the newly extended strand, the resulting short single-stranded oligonucleotide
immediately dissociates, and the cycle of nicking and filling is repeated multiple
times, resulting a linear amplification of the short single-stranded
oligonucleotides.

The above reaction synthesizes short oligonucleotides whose
cycle of reactions depends on the idea that, at the reaction temperature,
oligonucleotides above a certain length form stable duplexes, while those below
this length form unstable duplexes that dissociate readily. The short
oligonucleotide generated in the nicking reaction is below the threshold of
stability, and is thereby released from the duplex. The release of the short
oligonucleotide from the duplex regenerates a 5’ overhang, which may be again
used as a template for synthesizing the short oligonucleotide. A schematic
representation of a linear amplification of short oligonucleotides using an
N.BstNB | as the nicking agent is shown in Figure 1.

The identification of one or more pairs of nicking agent recognition

sequence (or one nicking agent recognition sequence and one restriction
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enzyme recognition sequence) in close proximity in a genomic DNA with a
known sequence may be performed by the use of applicable computer
programs. Such identification may facilitate the selection of a nicking agent for
fingerprinting a nucleic acid sample suspected to be derived from the genomic
DNA, as well as the identification of oligonucleotide fragments or patterns
thereof that are unique to the genomic DNA. These unique oligonucleotide
fragments or patterns thereof expected to be present in a fingerprinting assay
according to the present invention may be used as a standard for those
generated from the nucleic acid sample. The comparison of the expected
unique oligonucleotide fragments or patterns thereof with those generated from
the nucleic acid sample would indicate whether the nucleic acid sample is
derived from the genomic DNA.

An exemplary computer program useful in identifying closely
located nicking agent recognition sequences, or nicking agent recognition
sequences located near restriction enzyme recognition sequences is called
Genome Identifier through a Nicking-enzyme generated Unique Mass Spectrum
(GINUMS). GINUMS further predicts the amplified short oligonucleotides of a
genomic sequence produced in the linear amplification reactions described
herein. When more than one genomic sequence needs to be analyzed, the
following process is repeated for each sequence. The search begins with the
acquisition of the genomic sequence. The analysis is simplified with “finished”
genomic sequence, which is repre;sented by one long sequence, rather than
“draft” quality sequence, which is represented by a series of sequences, each a
fragment of the overall sequence separated by gaps, although the analysis will
work with any sequence or set of sequences. Usually the sequence is stored in
FASTA (or Pearson) format, but the program will work with any sequence
format. In any case, the sequence is read from either a file of a database, and
stored into memory so that it may be searched later. GINUMS then searches
the genomic sequence for three different patterns, each represented by a
regular expression. Regular expressions are simply patterns represented by a

string of characters that are used to search text, in this case one long string of
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A’s, C’s, G’s and T's representing one strand of the genomic sequence. Using
both N.Alw | and N.Bst NBI nicking endonucleases, the three regular

expressions (in PERL syntax) are:

1. GAGTC.{$min,$max}GACTC
2. GGATC.{$min,$max}GACTC
3. GAGTC.{$min,$max}GATCC

where $min represents the smallest gap between the two DNA restriction
endonuclease recognition sequences, and $max the largest. The default
values for both of these variables are 14 and 24, respectively. GINUMS
searches the genomic sequence with each of the regular expressions one at a
time, and then stores all of the matching segments of sequence (termed “hits”
for the rest of this document) for each search into separate lists. Thus, all of
the hits are composed of the recognition sequences separated by any 14 to 24
base pairs, which are determined by the genomic sequence. The program has
three lists of hits in memory, each list the product of searching the genomic
sequence with one of the regular expressions. For each hit in all of the lists,
GINUMS will determine the “product(s)” of the reaction (the sequence that
would be amplified), the mass of the product(s) and the starting and ending
position of that product in the genomic sequence.

The lists of masses, the products they represent, and the location
of those products in the genomic sequence are then written to file or database
for permanent storage. Learning to read the regular expressions used in
GINUMS is trivial, and will be described here. The second regular expression
listed in the section above, GGATC.{$min,$max}GACTC, where $min and
$max are integers, will be used as an example for the rest of this section.

The program searches genomic sequence for target sequences
(that is, any sequence beginning with GGATC and ending with GACTC,
separated by any 14 to 24 nucleotides). In regular expressions, the ‘.’ character

represents any one character, in this case any one A, T, C, or G. So, one way
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to search for each of these occurrences would be to construct 11 regular

expressions and then search the sequence for each, such as:

1) GGATC.............. GACTC (14 ’s)
2) GGATC...cuvee...... GACTC (15 .’s)
11) GGATC. oo GACTC (24 ’s)

However, to do this for all three search patterns would be
cumbersome, and regular expressions provide us with a more elegant solution
to the problem. When any character in a regular expression is followed by a
number flanked by brackets (e.g., G{6} ), then the regular expression
represents precisely that number of consecutive characters (so G{6} would
represent 6 consecutive G’s, or GGGGGG). When there are two numbers (x
and y) séparated by a‘,; (e.g., G{x,y}), the regular expression represents and
string of at least x characters and at most y characters. So G{2,4} would
represent GG, GGG, and GGGG. When the character preceding the brackets
isa‘’(e.g., .{2,4}), then the regular expression represents any string of any 2-
4 characters. Returning to GGATC.{$min,$max}GACTC, it can now be seen
that this regular expression represents any string that begins with GGATC, and
ends with GACTC, separated by at least $min characters and at most $hax
characters, where $min and $max are integers, and $min < $max. Because the
brackets are preceded by a ‘., these can be any characters. Building the
profiles for more than one organism is a simple as repeating the process for as
many genomic sequences necessary, noting which masses where derived from
which organism. GINUMS is capable of inputting the genomic sequences of an
unlimited number of organisms, each contained within one file, all contained in
the same directory, and then returning two outputs. The first output is a set of

masses unique to each organism. This can be accomplished by searching for
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the existence of each mass in one organism in all of the masses for the other
organisms. If that mass is found only in one organism, then it is unique for that
organism. GINUMS does not do this precisely (it uses the properties of a data
structure called a hash), but the process is analogous. The second output is
the complete list of masses for each organism, and would allow the user to
determine if each organism has a distinct “profile” (hence, the name), or set, of
masses. These could be written either to file or into a database for permanent
storage, so that they may be searched for in experimental data at a later time.
GINUMS uses the following model to determine the products (and their
corresponding masses) of the amplification process on genomic sequence.
When two N.BstNB | recognition sequences are present on opposite strands
separated by 14 to 24 nucleotides (in the example below, 14 will be used), and
oriented as follows:

S

—*
5’  GAGTCNNNNPPPPPPNNNNGACTC 3’

3’ CTCAGNNNNPPPPPPNNNNCTGAG 5’
—
where N represents any nuchSeotide, and P represe;‘\ts the nucleotides in the
product, the products of the reaction are S and S’. When a N.Alw | recognition
site is followed by a N.Bst NBI recognition site on the opposite strand separated

by the correct number of nucleotides and oriented as follows:

S
(_—H
5’  GGATCNNNNPPPPPPNNNNNNGACTC 3’

RN RN RN RRRAR AN

3’  CCTAGNNNNPPPPPPNNNNNNCTGAG 5’
H_J
S’ :
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the products are represented by the sequence of P’s and is summarized by S
and S’. When a N.Bst NBI recognition sequence is followed by a N.Alw |
recognition sequence on the opposite strand separated by the correct number

of nucleotides and oriented as follows:

S

/'—Aﬁ
5 GAGTCNNNNPPPPPPNNNNGATCC 3’

RN RNR AR R AR
3’ CTCAGNNNNPPPPPPNNNNCTAGG 5’
;Y_J

g
the product sequences are represented by P’s, and summarized as S and S’.
After finding all of the products predicted by this model in the genomic
sequence, the masses of each product is calculated according to the sequence
of the product. The results from the use of GINUMS on E. coli strains K12 and
0157 and human chromosome 21 are shown in Tables 1, 2, and 5,
respectively.

As one of ordinary skill in the art would appreciate, in addition to
the use of N.BstNB | alone or in combination with N.Alw I, short oligonucleotide
fragments may also be generated or amplified by the use of a different nicking
endonuclease alone or in combination with another nicking endoculease or
restriction endonuclease (e.g., a type lIs restriction endonuclease). In case that
two enzymes are used, but have different optimal temperature, a linear
amplification reaction may be first performed under the lower optimal
temperature and then under the higher optimal temperature.

In certain embodiments, the amplified short fragments may also
contain genetic variations. For instance, SNPs in human genomic DNA that are
flanked by two N.BstNB | recognition sequences or an N.BstNB | recognition
sequence and another restriction enzyme recognition sequence are shown in

Table 9. The characterization of such short fragments would identify the SNPs
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within these fragments and facilitate the identification of the individual from

which a nucleic acid sample is obtained.

F. Exponential Amplification

In certain embodiments, the oligonucleotides linearly amplified as
described above may be further exponentially amplified. These
oligonucleotides are referred to as “initiating oligonucleotides” or “initiators.”
Such exponential amplification greatly increases the production rate and
amount of the initiating oligonucleotides.

The key idea for exponential amplification is to arrange it so that
the oligonucleotide product of the linear reaction serves to create a new primer
that in turn anneals to a target template and creates a new primer-template,
which in turn produces more of the same oligonucleotide product, creating a
chain reaction. A simple scheme for exponentially amplifying a short
oligonucleotide (also referred to “direct EXPAR”) using N.BstNB | as the nicking
agent is depicted in Figure 2. The scheme is based on our observation that
even though the product oligonucleotide is unstable as a duplex it will form a
transient duplex molecule with its complement and this transient duplex can act
as a primer for extension by the DNA polymerase. Once extension of the
oligonucleotide has occurred the duplex is stabilized by the additional
complementary duplex section and will not readily dissociate. Extending the
primer thus creates a stable primer-template that will produce oligonucleotide
products in a linear fashion.

To create these new duplexes we need only provide a ready
supply of complementary oligonucleotides that we call amplification templates.-
The key feature of these single-stranded oligonucleotides is that they contain
two copies in tandem of the complement of the oligonucleotide product to be
amplified, separated by the sequence of the antisense strand of the recognition
sequence of N.BstNB | (i.e., 3'-CTCAG-5’) and a four base spacer (on the 5’
side). When the transient duplex is extended a stable new primer-template is

created. This primed template will then continue to produce oligonucleotide
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product via the linear amplification cycle as described above (nicking after the
four base spacer, dissociating tHe oligonucleotide and re-elongating the primer)
as long as the enzymes remain active and dNTPs are available.

Another scheme for exponentially amplifying short
oligonucleotides (referred to as “the replicator type” or “ping-pong amplification
scheme”) uses two templates. In this scheme, an initiating oligonucleotide of
sequence S primes a first template oligonucleotide T1 (S is about 8 to 16
nucleotides in length) to form the following partially double-stranded nucleic

acid molecule. The 3' terminus of T1 may be blocked by a phosphate group.

5 S 3’
3 S’ NNNNCTGAG---------- 5'(T1)

In the presence of a DNA polymerase, the upper strand of the
above partially double-stranded nucleic acid molecule is elongated to form the

following fully double-stranded nucleic acid molecule:

5' S NNNNGACTC-mrmmreen 3
3 s’ NNNNCTGAG---rmmmmm- 5 (T1)

In the presence of a nicking enzyme (e.g., N.BstNB 1), the lower
strand is nicked to generate a 3’ hydroxyl group and release an oligonucleotide
blocked at the 3’ terminus (un-productive oligonucleotide). The resulting nicked

structure is shown below:

5 S NNNNGACTC---------- 3
3'-NNNNCTGAG---------- 5 (T1)

The DNA polymerase uses sequence S as a template and fills in
the recessed 3' hydroxyl group of the lower strand to produce the following

double-stranded nucleic acid.

5 S NNNNGACTCrermemee- 3
3 s’ NNNNCTGAG----rmrmmn 5' (T1)
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The nicking enzyme cleaves the lower strand, releasing an
oligonucleotide having the sequence S’ (which is completely complementary to

the sequence S) as shown below:

5' S NNNNGACTCmmmmrmmm 3
3'-NNNNCTGAG---rmrnmm 5 (T1)
+
5 S'-- 3

The lower strand of the above partially double-stranded nucleic
acid may be extended again to produce a fully double-stranded nucleic acid
molecule. The lower strand of the fully double-stranded nucleic acid may be
nicked again to release another oligonucleotide having the sequence S’. The
above extension and nicking cycle may be repeated multiple times, resulting in
the amplification of the oligonucleotide having the sequence S’. This
oligonucleotide (S') is capable of priming the oligonucleotide template T2 to

follow a partially double-stranded nucleic acid molecule as shown below:

5 S 3
3 S NNNNCTGAG-------- 5 (T2)

In the presence of a DNA polymerase, the upper strand of the
above partially double-stranded nucleic acid molecule is elongated to form the

following fully double-stranded nucleic acid molecule:

5 S’ NNNNGACTC---mmmmm 3
3 S NNNNCTGAG---==-~-- 5 (T2)

In the presence of a nicking enzyme (e.g., N.BstNB 1), the lower
strand is nicked to generate a 3' hydroxy! group and release an oligonucleotide
blocked at the 3" terminus (un-productive oligonucleotide). The resulting nicked

structure is shown below:

5 s NNNNGACTC--meemme <
3'-NNNNCTGAG---------- 5' (T2)
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The DNA polymerase uses S’ as a template and fills in the
recessed 3’ hydroxyl group of the lower strand to produce the following double-

stranded nucleic acid:

5 S’ NNNNGACTC--mmmmnm- 3’
3 S NNNNCTGAG---------- 5 (T2)

The nicking enzyme cleaves the lower strand, releasing an
oligonucleotide having the sequence S' (which is completely complementary to

the sequence S) as shown below:

5 s’ NNNNCTGAG------- 3
3'-NNNNGACTC--rmremmmv 5' (T2)
+
5 s 3

The lower strand of the above partially double-stranded nucleic
acid may be extended again to produce a fully double-stranded nucleic acid
molecule. The lower strand of the fully double-stranded nucleic acid may be
nicked again to release another oligonucleotide having the sequence S. The
above extension and nicking cycle may be repeated multiple times, resulting in
the amplification of the oligonucleotide having the sequence S.

The two oligonucleotides having the sequences of S and S’ are
now capable of priming T1 and T2, respectively, and the exponential
amplification is started. It should be noted that S and S’ are sufficiently short
(e.g., 8-16 nucleotides in length) which prevents the triggers from forming a
stable duplex in a reaction mixture under conditions for exponential
amplification (e.g., 60°C). This variation of exponential amplification has a
substantial advantage of requiring a very high level of stringency of an
oligonucleotide priming its template. We have discovered that the
oligonucleotide (e.g., an oligonucleotide having the sequence S or S') has to be
nearly perfectly based paired with its template for an exponential amplification
reaction to start. In many cases, even a single mismatch in the oligonucleotide
will inhibit the reaction.

To carry out the exponential reaction, some or all of the foliowing

components may be used in certain embodiments.
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1)

2)

The first template oligonucleotide (T1). A schematic representation
of T1 is shown in Figure 3. T1 may be 24 to 60 nucleotides (including
all the integer values therebetween), preferably 32-36 nucleotides in
length. The 3’-end of T1 may be blocked with, for example, a
phosphate, an amine, a biotin, a dideoxy group or a fluorophore (that
is, there is no free 3’-hydroxyl in T1) to prevent extension by a
polymerase. The region from the 3’ terminus of T1 to the fifth
nucleotide directly 3’ to the 3’ terminus of the sense strand of a
nicking endonuclease recognition sequence (e.g., GAGTC) (i.e.,
Region | in Figure 6) may be 8, 9, 10, 11, 12, 13, 14, 15 0r 16
nucleotides in length and is completely (or at least substantially)
complementary to the sequence S. To the 5’ side of the above
region are 4 nucleotides of any sequence (Region Il in Figure 6) over
which a nicking endonuclease (e.g., N.BstNB ) reaches to nick. Next
in the &' direction is the sequence 3'-CTGAG-5' which is the sense
strand of the recognition sequence for a nicking enzyme (e.g.,
N.BstNB I). Further in the 5’ direction is about 10 to 20 nucleotides of
any sequence (Region lll in Figure 6). The sequence at the 5’ end
should not be complementary to any of the sequence at the 3'-end.
The concentration of T1 is 0.001 to 1 micromolar if in solution. T1
can also be tethered to a solid support or covalently attached to any
type of solid support.

The second template oligonucleotide (T2). Similar to T1, T2 may be
24 to 60 nucleotides (including all the integer values therebetween),
preferably 32-36 nucleotides, in length. The 3’-end of T2 may be
blocked with, for example, a phosphate, an amine, a biotin, a dideoxy
group or a fluorophore (that is, there is no free 3’-hydroxyl in T2) to
prevent extension by a polymerase. The region from the 3’ terminus
of T2 to the fifth nucleotide directly 3’ to the 3’ terminus of the sense
strand of a nicking endonuclease recognition sequence (e.g.,
GAGTC) may be 8, 9, 10, 11, 12, 13, 14, 15 or 16 nucleotides in
length and is at least substantially complementary to the sequence
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3)

4)

5)

6)
7)
8)

S'. To the 5’ side of the above region are 4 nucleotides of any
sequence over which a nicking endonuclease (e.g., N.BstNB 1)
reaches to nick. Next in the 5’ direction is the sequence “CTGAG”
which is the sense strand of the recognition sequence for a nicking
enzyme (e.g., N.BstNB ). Further in the 5’ direction is about 10 to 20
nucleotides of any sequence. The sequence at the 5’ end should not
be complementary to any of the sequence at the 3’-end. The
concentration of T2 is 0.001 to 1 micromolar if in solution. T2 can
also be tethered to a solid support or covalently attached to any type
of solid support.

A DNA polymerase such as exo Vent, 9°N,'™, Tagq, or Bst at a
concentration of 0.002 to 20 units per microliter. Preferably the
concentration of the polymerase is 0.02 to 0.5 units per microliter.
The enzyme is typically available commercially in 100 mM KCl, 0.1
mM EDTA, 10 mMTris-HCI (pH 7.4), 1 mM DDT, and 50% glycerol.
A nicking enzyme such as N.BstNB | (from New England Biolabs,
(NEB), MA) at a concentration of 0.002 to 20 units per microliter.
Preferably the concentration of the nicking enzyme is 0.02 to 0.5
units per microliter. The enzyme is supplied in 50 mM KCI, 10
mMTris-HCI (pH 7.5), 0.1 mM EDTA, 1 mM DTT, 200 ug/ml BSA and
50% glycerol. ‘

A salt (e.g., MgCl, or MgSOy) at 0.5 to 10 mM in concentration.
Preferably the concentration is 2 to 6 mM.

A salt (e.g., (NH4)2SOy) in the 5 to 50 mM range, preferably 10 mM.
A salt (e.g., KCI) at 20 to 200 mM.

A buffer (e.g., Tris-HCI), pH 7-8, preferably 7.5 in the 10-50 mM
range of concentrations, preferably 10 mM.

9) A reducing agent (e.g., dithiothreitol (DTT)) in the 0.5 to 5 mM range,

preferably 1 mM.

10) A detergent (e.g., Triton X-100), in the 0.01% to 1% range (V/V),

preferably 0.01% final concentration (V/V).
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Because T1 and T2 contain the sequences S’ and S, respectively,
and these two sequences are complementary to each other, T1 and T2 may
anneal to each other to form the following partially double-stranded nucleic

acid:
(T1) 5"~ GAGTCNNNN-------- (S/— 3

(T2)

To prevent the extension of the above partially double-stranded
nucleic acid from the 3’ terminus of the upper and lower strands, the 3’-termini
of T1 and T2 may be blocked so that no free 3'-hydroxyl groups are available
for extension. Alternatively, T1 and T2 molecules may be immobilized in
different regions of a solid substrate or different solid substrates (e.g.,
microbeads).

The ping-pong amplification reaction cycle is also schematically
described in Figure 7. The use of the ping-pong amplification reaction cycle in

discriminating genetic variations is shown in Figure 8.

G. Implementation formats

The fingerprinting assays described above (which may include a
nicking, linear amplification, or exponential amplification reaction) may be
carried out in various formats. For instance, the reactions may be performed in
a mixture where all the components are soluble. Alternatively, one or all of fhe
template(s) can be covalently attached at the 3’ end or the 5’ end to a solid
phase with the use of cross-linkers or spacers. The solid phase includes
(without limitation) nylon tip beads, fluted tips, microbeads, microplate wells,
membranes, slides, arrays, and the materials of which the solid phase is made
include glass, nylon 6/6, silica, plastics like polystyrene, polymers like
poly(ethyleneimine), etc.

For example, a replicator type of exponential amplification

reaction may be performed using immobilized templates. More specifically, the
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first template (T1) molecules may be linked to beads, while the second template
(T2) molecules are linked to different beads. The beads linked with T1
molecules may be mixed with the beads linked with T2 molecules in a reaction
mixture to amplify two oligonucleotides (i.e., S and S’ as described above in the
context of the replicator type of amplification reaction). In addition, such a
reaction may be carried out to amplify multiple oligonucleotide sequences.
Beads linked with template molecules other than T1 and T2 molecules may be
included in the reaction mixture so that oligonucleotides other than S and &’
may also be amplified.

It is also possible and advantageous to perform amplification
reactions (e.g., direct EXPAR as described above) on arrays of immobilized
oligonucleotides. The arrays can be composed of elements separated spatially
on a 2-dimensional solid support. Suitable solid supports include, but are not
limited to, glass slides, wafers, beads, microbeads, rods, ribbons, nylon6/6,
nylon parts, polymer-coated solid supports, wells, etc. The arrays can be
further assembled on a 3-dimensional solid support.

In such a reaction, the amplification template (e.g., 7 in Figure 2)
is immobilized to a solid support at.its 5’ end or its 3’ end, preferably at its 3'-
end. There may or may not be any spacer between the template
oligonucleotide and the solid support. The immobilized template, when
annealing to a trigger oligonucleotide, may be used as a template to amplify an
oligonucleotide having a sequence identical to the trigger oligonucleotide. The
newly synthesized oligonucleotide then primes an adjacent template
oligonucleotide in the element on (or in) the array and an exponential
amplification reaction takes place. Oligonucleotide amplification is detected by
employing a DNA binding dye that preferentially binds to double strand DNA
(e.g., SYBR® green).

The methods for immobilizing a nucleic acid or an oligonucleotide
are known in the art. In certain embodiments, nucleic acids or oligonucleotides
of the present invention are immobilized to a substrate to form an array. As

used herein, an “array” refers to a collection of nucleic acids or oligonucleotides
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that are placed on a solid support in distinct areas. Each area is separated by
some distance in which no nucleic acid or oligonucleotide is bound or
deposited. In some embodiments, area sizes are 20 to 500 microns and the
center to center distances of neighboring areas range from 50 to 1500 microns.
The array of the present invention may contain 2-9, 10-100, 101-400, 401-
1,000, or more than 1,000 distinct areas.

Generally, the nucleic acid or oligonucleotide may be immobilized
to a substrate in the following two ways: (1) synthesizing the nucleic acids or
the oligonucleotides directly on the substrate (often termed “in situ synthesis”),
or (2) synthesizing or otherwise preparing the nucleic acid or the
oligonucleotides separately and then position and bind them to the substrate
(sometimes termed “post-synthetic attachment”). For in situ synthesis, the
primary technology is photolithography. Briefly, the technology involves
modifying the surface of a solid support with photolabile groups that protect, for
example, oxygen atoms bound to the substrate through linking elements. This
array of protected hydroxyl groups is illuminated through a photolithographic
mask, producing reactive hydroxyl groups in the illuminated areas. A 3'-O-
phosphoramidite-activated deoxynucleoside protected at the 5'-hydroxyl with
the same photolabile group is then presented to the surface and coupling
occurs through the hydroxyl group at illuminated areas. Following further
chemical reactions, the substrate is rinsed and its surface is illuminated through
a second mask to expose additional hydroxyl groups for coupling. A second 5'-
protected, 3'-O-phosphoramidite-activated deoxynucleoside is present to the
surface. The selective photo-de-protection and coupling cycles are repeated
until the desired set of products is obtained. Detailed description of using
photolithography in array fabrication may be found in the following patents or
published patent applications: U.S. Patent Nos. 5,143,854, 5,424,186;
5,856,101; 5,593,839; 5,908,926; 5,737,257; and Published PCT Patent
Application Nos. W0O99/40105; W099/60156; WO00/35931.

The post-synthetic attachment approach requires a methodology

for attaching pre-existing oligonucleotides to a substrate. One method uses the
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biotin-streptavidin interaction. Briefly, it is well known that biotin and
streptavidin form a non-covalent, but very strong, interaction that may be
considered equivalent in strength to a covalent bond. Alternatively, one may
covalently bind pre-synthesized or pre-prepared nucleic acids or
oligonucleotides to a substrate. For example, carbodiimides are commonly
used in three different approaches to couple DNA to solid supports. In one
approach, the support is coated with hydrazide groups that are then treated
with carbodiimide and carboxy-modified oligonucleotide. Alternatively, a
substrate with multiple carboxylic acid groups may be treated with an amino-
modified oligonucleotide and carbodiimide. Epoxide-based chemistries are also
used with amine modified oligonucleotides. Detailed descriptions of methods
for attaching pre-existing oligonucleotides to a substrate may be found in the
following references: U.S. Patent Nos. 6,030,782; 5,760,130; 5,919,626;
published PCT Patent Application No. WO00/40593; Stimpson et al. Proc. Natl.
Acad. Sci. 92:6379-6383 (1995); Beattie et al. Clin. Chem. 41:700-706 (1995);
Lamture et al. Nucleic Acids Res. 22:2121-2125 (1994); Chrisey et al. Nucleic
Acids Res. 24:3031-3039 (1996); and Holmstrom et al., Anal. Biochem.
209:278-283 (1993).

The primary post-synthetic attachment technologies include ink
jetting and mechanical spotting. Ink jetting involves the dispensing of nucleic
acids or oligonucleotides using a dispenser derived from the ink-jet printing
industry. The nucleic acid oligonucleotides are withdrawn from the source plate
up into the print head and then moved to a location above the substrate. The
nucleic acids or oligonucleotides are then forced through a small orifice,
causing the ejection of a droplet from the print head onto the surface of the
substrate. Detailed description of using ink jetting in array fabrication may be
found in the following patents: U.S. Patent Nos: 5,700,637; 6,054,270;
5,658,802; 5,958,342; 6,136,962 and 6,001,309.

Mechanical spotting involves the use of rigid pins. The pins are
dipped into a nucleic acid or oligonucleotide solution, thereby transferring a

small volume of the solution onto the tip of the pins. Touching the pin tips onto
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the substrate leaves spots, the diameters of which are determined by the
surface energies of the pins, the nucleic acid or oligonucleotide solution, and
the substrate. Mechanical spotting may be used to spot multiple arrays with a
single nucleic acid or oligonucleotide loading. Detailed description of using
mechanical spotting in array fabrication may be found in the following patents or
published patent applications: U.S. Patent Nos. 6,054,270; 6,040,193;
5,429,807, 5,807,522; 6,110,426; 6,063,339; 6,101,946; and published PCT
Patent Application Nos. WO99/36760; 99/05308; 00/01859; 00/01798.

One of ordinary skill in the art would appreciate that besides the
techniques described above, other methods may also be used in immobilizing
nucleic acids or oligonucleotides to a substrate. Descriptions of such methods
can be found in, but are not limited to, the following patent or published patent
applications: U.S. Patent Nos. 5,677,195; 6,030,782; 5,760,130; and 5,919,626;
and published PCT Patent Application Nos. W098/01221; W099/41007;
W099/42813; W099/43688; WO99/63385; WO00/40593; W099/19341; and
WO00/07022.

The substrate to which the nucleic acids or oligonucleotides of the
present invention are immobilized to form an array is prepared from a suitable
material. The substrate is preferably rigid and has a surface that is
substantially flat. In some embodiments, the surface may have raised portions
to delineate areas. Such delineation separates the amplification reaction
mixtures at distinct areas from each other and allows for the ampilification
products at distinct areas to be analyzed or characterized individually. The
suitable material includes, but is not limited to, silicon, glass, paper, ceramic,
metal, metalloid, and plastics. Typical substrates are silicon wafers and
borosilicate slides (e.g., microscope glass slides). An example of a particularly
useful solid support is a silicon wafer that is usually used in the electronic
industry in the construction of semiconductors. The wafers are highly polished
and reflective on one side and can be easily coated with various linkers, such
as poly(ethyleneimine) using silane chemistry. Wafers are commercially

available from companies such as WaferNet, San Jose, CA.
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Depending on the contemplated application, one of ordinary skill
in the art may vary the composition of immobilized molecules of the present
array. For instance, the T1 or T2 molecules of the present invention may or
may not be immobilized to every distinct area of the array. Preferably, the
nucleic acids or oligonucleotides in a distinct area of an array are
homogeneous. More preferably, the nucleic acids or oligonucleotides in every
distinct area of an array to which the nucleic acids or oligonucleotides are
immobilized are homogeneous. The term “homogeneous,” as used herein,
indicates that each nucleic acid or oligonucleotide molecule in a distinct area
has the same sequence as another nucleic acid or oligonucleotide molecule in
the same area. Alternatively, the nucleic acid or oligonucleotide in at least one
of the distinct areas of an array are heterogeneous. The term “heterogeneous,”
as used herein, indicates that at least one nucleic acid or oligonucleotide
molecule in a distinct area has a different sequence from another nucleic acid
or oligonucleotide molecule in the area. In some embodiments, molecules
other than the nucleic acids or oligonucleotides described above may also be
present in some or all of distinct areas of an array. For instance, a molecule
useful as an internal control for the quality of an array may be attached to some
or all of distinct areas of an array. Another example for such a molecule may
be a nucleic acid useful as an indicator of hybridization stringency. In other
embodiments, the composition of nucleic acids or oligonucleotides in every
distinct area of an array is the same. Such an array may be useful in
determining genetic variations in a particular gene in a selected population of
organisms or in parallel diagnosis of a disease or a disorder associated with
mutations in a particular gene.

Depending on the envisioned application, the immobilized nucleic
acids or oligonucleotides of the present invention (e.g., the T1 or T2 molecules)
may contain oligonucleotide sequences that are at least substantially
complementary or identical to various target nucleic acids. Such target nucleic
acids include, but are not limited to, genes associated with hereditary diseases

in animals, oncogenes, genes related to disease predisposition, genomic DNAs
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useful for forensics and/or paternity determination, genes associated with or
rendering desirable features in plants or animals, and genomic or episomic
DNA of infectious organisms. An array of the present invention may contain
nucleic acids or oligonucleotides that are at least substantially complementary
or identical to a particular type of target nucleic acids in distinct areas. For
example, an array may have a nucleic acid or an oligonucleotide that is at least
substantially complementary or identical to a first gene related to disease
predisposition in a first distinct area, another nucleic acid or an oligonucleotide
that is at least substantially complementary or identical to a second gene also
related to disease predisposition in a second distinct area, yet another nucleic
acid or an oligonucleotide that is at least substantially complementary or
identical to a third gene also related to disease predisposition in a third distinct
area, etc. Such an array is useful to determine disease predisposition of an
individual animal (including a human) or a plant. Alternatively, an array may
have nucleic acids or oligonucleotides that are at least substantially
complementary or identical to multiple types of target nucleic acids categorized
by the functions of the targets.

In addition, an array may contain nucleic acids or oligonucleotides
that are at least substantially complementary or identical to a portion of a target
nucleic acid that contains various potential genetic variations. For instance, a
first area of the array may contain immobilized nucleic acids or oligonucleotides
that are at least substantially complementary or identical to a portion of a target
gene that contains a genetic variation of one allele of the target. A second area
of the array may contain immobilized nucleic acids or oligonucleotides that are
at least substantially complementary or identical to a portion of target gene that
contains a genetic variation of another allele of the target. The array may have
additional areas that contain immobilized nucleic acids or oligonucleotides that
are at least substantially complementary or identical to portions of the target
gene that contains genetic variations of additional alleles of the target.

In general, for successful performance in an array environment,

the immobilized nucleic acids or oligonucleotides must be stable and not
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dissociate during various treatment, such as hybridization, washing or
incubation at the temperature at which an amplification reaction is performed.
The density of the immobilized nucleic acids or oligonucleotides must be
sufficient for the subsequent analysis. For an array suitable for the present
methods, typically 1000 to 10", preferably 1000 to 108, 10° to 10°, or 10° to
10" ODNP molecules are immobilized in at least one distinct area. However,
there must be minimal non-specific binding of other nucleic acids to the
substrate. The immobilization process should not interfere with the ability of
immobilized nucleic acids or oligonucleotides required for exponential nucleic
acid amplification.

In certain embodiments, it may be desirable to have the nucleic
acids or oligonucleotides of the present invention indirectly bound to the
substrate via a linker. The linker (also referred to as a “linking element”)
comprises a chemical chain that serves to distance the nucleic acids or
oligonucleotides from the substrate. In certain embodiments, the linker may be
cleavable. There are a number of ways to position a linking element. In one
common approach, the substrate is coated with a polymeric layer that provides
linking elements with a lot of reactive ends/sites. A common example is glass
slides coated with polylysine, which are commercially available. Another
example is substrates coated with poly(ethyleneimine) as described in
Published PCT Application No. WO99/04896 and U.S. Patent No. 6,150,103.

The array of the present invention enables the high throughput of
various analyses to which the present nucleic acid amplification is applicable.
For instance, an array of T2 molecules may be used to amplify multiple target
nucleic acids. The reaction mixture or the products of an amplification reaction
performed in the presence of a target nucleic acid may be pooled together and
applied to the array of T2 molecules. Alternatively, the reaction mixtures or the
amplification products of different amplification reactions may be applied to
distinct areas of the array. Another round (“second round”) of amplification
reactions may then be performed on the array in the present of a nicking agent

that recognizes the nicking agent recognition sequence of which the antisense
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strand is present in the T2 molecules. The amplification products of the second
round of reactions performed on the array may be pooled together and
analyzed. If the array (e.g., a microwell array) has distinct areas that are
delineated by certain physical barriers, the amplification products of the second
round of reactions in distinct arrays may be analyzed individually.

For the nucleic acid molecules of the present invention that do not
form an array, they may be immobilized via the methods described above that
are useful in preparing an array. In addition, any methods known in the art may
be used. For instance, a target nucleic acid of the present invention may be
immobilized by the use of a fixative or tissue printing. It may also be first
isolated or purified and then transferred to a substrate that binds to nucleic

acids or oligonucleotides, such as nitrocellulose or nylon membranes.

H. Product ldentification

The products of a nicking reaction, a linear amplification reaction
or an exponential amplification reaction according to the present invention may
be characterized by any applicable known methods. These methods include,
but are not limited to mass spectrometry, fluorescence spectrometry,
electrophoresis, liquid chromatography, hybridization and radiography. Certain
exemplary methods are described in more detail below. -

In certain embodiments, not all the ampilified nucleic acids are
characterized. In other words, in these embodiments, only certain amplified
nucleic acids that meet a given criterion need be characterized. For instance,
the amplified nucleic acid molecules may first be separated by liquid
chromatography and only the fractions that contain short nucleic acid fragments

are further characterized by, for example, mass chromatography.

Mass Spectrometry

The fingerprinting assays of the present invention can be read out
in a number of ways but the most ideal is by mass spectrometry since a series

of well-defined and characterized oligonucleotides are generated that have
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known mass/charge ratios (m/z). Exemplary mass spectrometric analysis
includes Matrix-Assisted Laser Desorpotion/lonization Mass Spectrometry
(MALDI) and Time-of-Fight (TOF).

Matrix-Assisted Laser Desorption/lonization Mass Spectrometry
(MALDI-MS) is becoming an ever more popular technique for studying
biomolecules (Hillenkamp et al., Anal. Chem. 63, 1193A-1203A, 1991). This
technique ionizes high molecular weight biopolymers with minimal concomitant
fragmentation of the sample material. This is typically accomplished via the
incorporation of the sample to be analyzed into a matrix that absorbs radiation
from an incident UV or IR laser. This energy is then transferred from the matrix
to the sample resulting in desorption of the sample into the gas phase with
subsequent ionization and minimal fragmentation. One of the advantages of
MALDI-MS over ESI-MS is the simplicity of the spectra obtained: MALDI
spectra are generally dominated by singly charged species. Typically, the
gaseous ions generated by MALDI techniques are detected and analyzed by
determining the time-of-flight (TOF) of these ions. While MALDI-TOF MS is not
a high resolution technique, resolution can be improved by making
modifications to such systems, e.g., by the use of tandem MS techniques, or by
the use of other types of analyzers, such as Fourier transform (FT) and
quadrupole ion traps.

MALDI techniques have found application for the rapid and
straightforward determination of the molecular weight of certain biomolecules
(Feng and Konishi, Anal. Chem. 64, 2090-2095, 1992; Nelson, Dogruel and
Williams, Rapid Commun. Mass Spectrom. 8, 627-631, 1994). These
technigues have been used to confirm the identity and integrity of certain
biomolecules such as peptides, proteins, oligonucleotides, nucleic acids,
glycoproteins, oligosaccharides and carbohydrates. Further, these MS
techniques have found biochemical applications in the detection and
identification of post-translational modifications on proteins. Verification of DNA

and RNA sequences that are less than 100 bases in length has also been
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accomplished using ESI with FTMS to measure the molecular weight of the
nucleic acids (Little et al, Proc. Natl. Acad. Sci. USA 92, 2318-2322, 1995).

The matrix is an important feature of MALDI-MS. Typically,
analysis of nucleic acids by MALDI can be divided into two steps. The first step
involves preparing the sample by mixing the sample to be analyzed with a
molar excess of a chemical commonly referred to as the “matrix.” See, e.g.,
Wu et al. Rapid Commun. Mass Specfrom. 7:142-146 (1993). The primary
purpose of the matrix is to promote ionization of the nucleic acid. Without the
matrix, the nucleic acid molecule tends to fragment upon exposure to the laser
energy, so that the mass and identity of the nucleic acid is difficult or impossible
to determine. In general, the term “matrix” refers to a substance which absorbs
radiation at a wavelength substantially corresponding to the pulse of laser
energy used in the MALDI method, and where the matrix facilitates desorption
and ionization of molecules. A matrix may be any one of several small, light-
absorbing chemicals that may be mixed in solution with a nucleic acid in such a
manner so that, upon drying on a solid support (e.g., a sample plate or a probe
element), the crystalline matrix-embedded analyte molecules are successfully
desorbed by laser irradiation and ionized from the solid phase crystals into the
vapor phase and accelerate as intact molecular ions. The second step of the
MALDI process involves desorption of the bulk portions of the solid sample by a
short pulse of laser light.

While this is probably the most commonly employed approach to
combining matrix and analyte prior to MALDI-MS analysis, other methods may
be used. For instance, according to one aspect of the invention, the analyte-
containing sample is added to (e.g., spotted onto) a coating of cationic
polyelectrolyte, allowing the analyte (nucleic acid) to bind to the cationic
polyelectrolyte. This spot is then washed in order to purify the nucleic acid.
The spot is then treated with matrix (when the matrix is a liquid) or a solution of
matrix (when the matrix is a solid). When the matrix is a solid, the spot should
be allowed to dry in order to remove the solvent that was formerly used to

dissolve the matrix in solution. Thereafter, this spot of nucleic acid and matrix
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can be subjected to MALDI-MS to provide a very strong signal due to the
nucleic acid.

Accordingly, in one aspect, the present invention provides a solid
support having a surface, where that surface is at least partially coated with a
coating comprising cationic polyelectrolyte, where at least some of the cationic
polyelectrolyte is in contact with nucleic acid and the nucleic acid is in contact
with matrix. In a preferred embodiment, the solid support is a plate, e.g., a
stainless steel plate, and the cationic polyelectrolyte either forms a continuous
coating across all or a significant portion of the surface, or is spotted onto the
surface in distinct regions. Nucleic acid and matrix is then located in distinct
regions on the surface, so as to provide an array-type appearance. For
example, the surface may be a 96-well plate, with cationic polyelectrolyte,
nucleic acid and matrix located in one, and preferably more than one, of the
wells. This array is then subjected to MALDI-MS, where the various regions are
sequentially subjected to laser light, and the mass spectrum of the nucleic acid
present in the spots is sequentially obtained.

To achieve its purpose, the matrix should meet one or more of the
following criteria, and preferably meets many or all of these criteria. The matrix
should be able to embed and isolate nucleic acid (e.g., by co-crystallization), it
should be soluble in solvents compatible with nucleic acids, it should be stable
under the vacuum used in MALDI, it should assist co-desorption of the nucleic
acid upon laser irradiation, and it should promote ionization of the nucleic acid.
In order to meet these criteria, the matrix should comprise a chromophore that
strongly absorbs in the wavelength of light being emitted by the laser. For
instance, if the laser is an ultraviolet laser, then the matrix should have a
chromophore that absorbs in the ultraviolet region.

The following chemicals have been identified as suitable matrices
for nucleic acids, where these as well as other suitable matrix chemicals known
in the art may be used in the methods and compositions of the present
invention: 6-aza-2-thiothymine (ATT), glycerol, 2,4,6-trihydroxyacetophenone
(THAP), picolinic acid (PA), 3-hydroxy picolinic acid (HPA), 2,5-
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dihiydroxybenzoic acid, anthranilic acid, nicotinic acid, and salicylamide.
Mixtures of these chemicals are also suitable. Typically, the matrix is a solid at
room temperature. However, the matrix may be a liquid chemical, where
suitable liquid matrices are substituted or unsubstituted: (1) alcohols, including:
glycerol, 1,2- or 1,3-propane diol, 1,2-, 1,3- or 1,4-butane diol, triethanoclamine;
(2) carboxylic acids including: formic acid, lactic acid, acetic acid, propionic

acid, butanoic acid, pentanoic acid, hexanoic acid and esters thereof; (3)
primary or secondary amides including acetamide, propanamide, butanamide,
pentanamide and hexanamide, whether branched or unbranched; (4) primary or
secondary amines, including propylamine, butylamine, pentylamine,
hexylamine, heptylamine, diethylamine and dipropylamine; (5) nitriles,
hydrazine and hydrazide. These liquid matrices are particularly useful when the-
MALDI laser emits light in the infrared spectrum. It is reported that THAP works
best for samples below 10kDa while HPA and PA are more appropriate for
oligonucleotides above 10kDa. Acidic matrices, e.g., HPA, are preferred for
single-stranded nucleic acids, while neutral matrices, e.g., glycerol and ATT,
are preferred for double-stranded nucleic acids.

In certain preferred embodiments of the present invention,
another type of mass spectrometry other than MALDI may be employed. MS is
particularly advantageous in those applications in which it is desirable to
eliminate a size separation step prior to molecular weight determination.
Sensitivities of MS may be achieved to at least to 1 amu. The smallest mass
differences in nucleic acid bases is between adenine and thymidine which is 9
Daltons.

Particularly preferred methodologies according to the present
invention employ Liquid Chromatography-Time-of-Flight Mass Spectrometry
(LC-TOF-MS). LC-TOF-MS is composed of an orthogonal acceleration Time-
of-Flight (TOF) MS detector for atmospheric pressure ionization (API) analysis
using electrospray (ES) or atmospheric pressure chemical ionization (APCI).
LC-TOF-MS provides high mass resolution (5000 FWHM), high mass

measurement accuracy (to within 5ppm) and very good sensitivity (ability to
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detect femtomolar amount of DNA polymer). TOF instruments are generalily
more sensitive than quadrupoles, but are correspondingly more expensive.

LC-TOF-MS has a more efficient duty cycle since the current
instruments can sequentially analyze one mass at a time while rejecting all
others (this is referred to as single ion monitoring (SIM)). LC-TOF-MS samples
all of the ions passing into the TOF analyzer at the same time. This results in
higher sensitivity, provides quantitative data, which improves the sensitivity
between 10 and 100 fold. Enhanced resolution (5000 FWHM) and mass
measurement accuracy of better than 5 ppm imply that differences between
nucleosides as small as 9 amu (Daltons) can be accurately measured. The
TOF mass analyzer performs very high frequency sampling (10 spectra/sec) of
all ions simultaneously across the full mass range of interest. The duty cycle of
the LC-TOF-MS allows high sensitivity spectra to be recorded in quick
succession making the instrument compatible with more efficient separations
techniques such as narrow bore LC, capillary chromatography (CE) and
capillary electrochromatography (CEC). The ions are pulsed into the analyzer,
effectively taking a ‘snapshot’ of the ions present at any time.

In the first stage the ES or APCI aerosol spray is directed
perpendicularly past the sampling cone, which is displaced from the central axis
of the instrument. lons are extracted orthogonally from the spray into the
sampling cone aperture leaving large droplets, involatile materials, particulates
and other unwanted components to collect in the vent port that is protected with
an exchangeable liner. The second orthogonal step enables the volume of gas
(and ions) sampled from atmosphere to be increased compared with
conventional API sources. Gas at atmospheric pressure sampled through an
aperture into a partial vacuum forms a freely expanding jet, which represents a
region of high performance compared to the surrounding vacuum. When this
jet is directed into the second aperture of a conventional API interface it
increases the flow of gas through the second aperture. Maintaining a suitable
vacuum in the MS-TOF therefore places a restriction on the maximum diameter

of the apertures in such an LC interface. lons in the partial vacuum of the ion
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block are extracted electrostatically into the hexapole ion bridge that efficiently
transports ions to the analyzer.

The coupling of the TOF mass analyzers with MUX-technology
allows the connection of up to 8 HPLC columns in parallel to a single LC-TOF-
MS. (Micromass, Manchester UK). A multiplexed electrospray (ESI) interface
is used for on-line LC-MS utilizing an indexed stepper motor to sequentially
sample from up to 8 HPLC columns or liquid inlets operated in parallel.

Use of LC-TOF-MS is sometimes preferred over use of MALDI-
TOF because LC-TOF-MS is a quantitative method for analysis of the
molecular weight of polymers. LC-TOF-MS does not fragment the polymers
and it employs a very gentle ionization process compared to matrix-assisted-
lazer-desorption-ionization (MALDI). Because every MALDI blast is different,
the ionization is not quantitative. LC-TOF-MS does, however, produce different

m/z values for polymers.

High Performance Liguid Chromatography (HPLC)

High-Performance Liquid Chromatography (HPLC) is a
chromatographic technique for separation of compounds dissolved in solution.
HPLC instruments consist of a reservoir of mobile phase, a pump, an injector, a
separation column, and a detector. Compounds are separated by injecting an
aliquot of the sample mixture onto the column. The different components in the
mixture pass through the column at different rates due to differences in their
partitioning behavior between the mobile liquid phase and the stationary phase.
The pumps provide a steady high performance with no pulsating, and can be
programmed to vary the composition of the solvent during the course of the
separation.

Exemplary detectors useful within the methods of present
invention include UV-VIS absorption, or fluorescence after excitation with a
suitable wavelength, mass spectrometers and IR spectrometers. Recently, IP-
RO-HPLC on non-porous PS/DVB particles with chemically bonded alkyl chains

have been shown to be rapid alternatives to capillary electrophoresis in the
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analysis of both single and double-strand nucleic acids providing similar
degrees of resolution. (Huber et al., Anal.Biochem. 212:351 (1993); Huber et
al., Nuc. Acids Res. 21:1061 (1993); Huber et al. Biotechniques 16:898 (1993)).
In contrast to ion-exchange chromatography, which does not always retain
double-strand DNA as a function of strand length (since AT base pairs interact
with the positively charged stationary phase, more strongly than GC base-
pairs), IP-RP-HPLC enables a strictly size-dependent separation.

A method has been developed using 100 mM triethylammonium
acetate as ion-pairing reagent, phosphodiester oligonucleotides could be
successfully separated on alkylated non-porous 2.3 UM poly(styrene-
divinylbenzene) particles by means of high performance liquid chromatography.
(Oefner et al., Anal. Biochem. 223:39 (1994)). The technique described allows
the separation of PCR products differing by only 4 to 8 base pairs in length
within a size range of 50 to 200 nucleotides.

Denaturing HPLC (DHPLC) is an ion-pair reversed-phase high
performance liquid chromatography methodology (IP-RP-HPLC) that uses a
non-porous C-18 column as the stationary phase. The column is comprised of
a polystyrene-divinylbenzene copolymer. The mobile phase is comprised of an
ion-pairing agent of triethylammonium acetate (TEAA), which mediates binding
of DNA to the stationary phase, and acetonitrile (ACN) as an organic agent to
achieve subsequent separation of the DNA from the column. A linear gradient -
of acetonitrile allows separation DHPLC identifies mutations and
polymorphisms based on detection of heteroduplex formation between
mismatched nucleotides in double stranded PCR amplified DNA. Sequence
variation creates a mixed population of heteroduplexes and homoduplexes
during reannealling of wild type and mutant DNA of fragments based on size
and/or presence of heteroduplexes (this is the traditional use of the DHPLC
technology). When this mixed population is analyzed by HPLC under partially
denaturing temperatures, the heteroduplexes elute from the column earlier than

the homoduplexes because of their reduced melting temperature. Analysis can
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be performed on individual samples to determine heterozygosity, or on mixed

samples to identify sequence variation between individuals.

Real-time Fluorescence

The various nicking and amplification reactions described above
may also be readout by detectors that measure real-time fluorescence, such as
the MJ Opticon from MJ Research (Boston, MA), the ABI Prism 7000
instrument (Foster City, CA), and endpoint plate readers, such as the Ultramark
from Biorad (Hercules, CA). Real time monitoring is a very useful method as it
enables parameters such as initial rates to be determined with accuracy and
ease. The use of double-strand specific fluorescent dyes such as SYBR®
green from Molecular Probes (Eugene OR) is especially useful when used
during the amplification reactions described above. Dyes that bind to single
strand nucleic acids can also be used, perhaps at times with slightly less
efficacy than double-strand specific dyes. Currently, there are four types of
detection chemistries that can be used for real time fluorescence readout:
intercalating dyes such as SYBR®, dual labeled probes, FRET (fluorescent
energy transfer) probes and Molecular Beacons. Exemplary fluorescent
intercalating agents include, without limitation, those disclosed in U.S. Pat. Nos.
4,119,521, 5,599,932, 5,658,735; 5,734,058; 5,763,162; 5,808,077; 6,015,902;
6,255,048 and 6,280,933, those discussed in Glazer and Rye, Nature 359: 859-
61, 1992, PicoGreen dye, and SYBR® dyes such as SYBR® Gold, SYBR®
Green | and SYBR® Green Il (Molecular Probes, Eugene WA). Fluorescence
produced by fluorescent intercalating agents may be detected by various
detectors, including PMTs, CCD cameras, fluorescent-based microscopes,
fluorescent-based scanners, fluorescent-based microplate readers, fluorescent-
based capillary readers.

To increase the signal produced by fluorescent intercalating
agents, after the amplification reaction, the nicking agent in the reaction mixture
may be inactivated (e.g., by heat) and a fresh DNA polymerase be added. The

presence of the active DNA polymerase, but not the nicking agent, allows any
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partial duplexes to be extended to completely double-stranded nucleic acid
fragments. The generation of such completely double-stranded nucleic acid
fragments allow the binding of a greater number of fluorescent intercalating

agents, which in turn increase the signal that may be detected.

. Compositions/Kits

In one aspect, the present invention provides a composition or kit
comprising polynucleotide, a nicking agent and a polymerase. The inventive
compositions have unique properties that render them particularly useful in
idenfying the source organism of a nucleic acid sample. Such a source
organism may be a bacterium, fungus, virus, plant, non-human animal or
human.

Such a composition or kit generally comprises the template
oligonucleotide(s) useful for amplifying initiating oligonucleotides described
above. It may also further comprise at least one, two, several, or each of the
following components: (1) a nicking agent (e.g., a NE or a RE) that recognizes
the nicking agent recognition sequence of which one strand is present in the
template oligonucleotide(s); (2) a suitable buffer for nicking agent (1); (3) a RE
that functions in combination with a nicking agent (with may be identical to or
different from nicking agent (1); (4) a suitable buffer for RE (3); (5) a DNA
polymerase; (6) a suitable buffer for the DNA polymerase (5); (7) dNTPs; (8) a
modified dNTP; (9) a strand displacement facilitator (e.g., 1M trehalose); and
(10) a fluorescent intercalating agent. Detailed descriptions of many of the

above components have been provided above.

J. Applications
The present invention alleviates and overcomes many drawbacks

of the present state of the art through the discovery of novel methods and kits
for rapidly fingerprinting DNA to identify prokaryotic and eukaryotic species,
subspecies, and especially strains or individuals of the subspecies. With

respect to prokaryotic organisms, the present invention is especially suited for
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identifying different bacterial strains involved in, for example, nosocomial
infections, since the methods and kits are to be sensitive enough to detect
differences between, for example, bacterial isolates of the same species. With
respect to eukaryotes, the present invention contemplates identifying, for
instance, species, subspecies, and the differences between the individuals of
the subspecies, such as pedigrees.

In various aspects of the present invention the method can be
used for: (1) diagnosis of bacterial disease, in plants animals and humans;

(2) monitoring for bacterial content and/or contamination in the environment;
(3) monitoring food for bacterial contamination; (4) monitoring manufacturing
processes for bacterial contamination; (5) monitoring quality assurance/quality
control of laboratory tests involving microbiological assays; (6) tracing bacterial
contamination and/or outbreaks of bacterial infections; (7) genome mapping;
(8) monitoring bioremediation sites; and (9) monitoring agricultural sites for test
crops, bacteria and recombinant molecules.

The method is useful on pure or isolated cultures as well as actual
samples from the test site. Because of the simplicity of the test it can also be
automated for rapid and quick assay of samples. A further aspect of the
present invention is a machine for automating the identification of bacterial
strains, particularly by mass spectrometry.

The present invention affords the medical community with a
means to not only identify the infectious agents, but also to rapidly characterize
the strain or strains involved so that effective measures may be timely
employed.

Another application of this method is in the manufacturing
process. A number of manufacturing processes for instance drugs,
microorganism-aided synthesis, food manufacturing, chemical manufacturing
and fermentation process all rely either on the presence or absence of bacteria.
In either case the method of the present invention can be used. It can monitor

bacterial contamination or test that strain purity is being maintained.

59



WO 2004/067765 PCT/US2004/002720

10

15

20

25

30

This method can also be used to test stored blood for bacterial
contamination. This would be important in blood banking where bacteria such
as Yersinia enterocolitica can cause serious infection and death if it is in
transfused blood.

The procedure can also be used for quality assurance and quality
control in monitoring bacterial contamination in laboratory tests. For example
the Guthrie bacterial inhibition assay uses a specific strain of bacteria to
measure phenylalanine in newborn screening. [f this strain changes it could
affect test results and thus affect the accuracy of the newborn screening
program. This method of the present invention can be used to monitor the
strain's purity. Any other laboratory test that uses or relies on bacteria in the
assay can be monitored. The laboratory or test environment can also be
monitored for bacterial contamination by sampling the lab and testing for
specific strains of bacteria.

This procedure will also be useful in hospitals for tracing the origin
and distribution of bacterial infections. It can show whether or not the infection
of the patient is a hospital-specific strain. The type of treatment and specific
anti-bacterial agent can depend on the source and nature of the bacteria.

There are a variety of applications for the fingerprinting
technology described here. An immediate need is in rapid pathogen detection
and bio-threat. Since short oligonucleotides can be generated and amplified
(10% — 10° fold) from a nucleic acid sample in a 3-5 minutes time frame and the
amplification of can be achieved in 3 minutes, it is conceivable that 10-15
minutes assay can be constructed. lt is certain that clinical utility can be gained
from the viral quantification as a tool for disease monitoring and cancer typing.
Since the assay is highly quantitative using real-time fluorescence readout, we
see rapid real-time molecular diagnostics to aid in the appropriate use of
antimicrobials. This type of fingerprinting technology will also speed the
development and application of nucleic acid-based technologies for microbial

content analyses in foods stock.
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The fingerprinting technology described herein may be useful to
detect polymorphisms in the human genome, in view of the large number of
fragments that can be generated. The methods and compositions of the
present invention may be used to interrogate a sample for the presence of

5 fragments that uniquely identify all pathogens, and fragments obtained from the
human genome that can be used to uniquely identify individuals.

The following examples are provided for purposes of illustration

and not the invention is not limited thereby.
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EXAMPLES

EXAMPLE 1
COMPUTATIONAL RESULTS FROM GENOMIC DNAS USING N.BSTNB | NICKING
ENZYME AND N. ALWI NICKING ENZYME

Computer assisted identification of the adjacent nicking enzyme
recognition sites of N.BstNB | and/or N.Alw | in E. coli was performed.
Oligonucleotide fragments 6-16 nucleotides in length that would be generated
from the genomic DNA of E. coli K12 and O157 are shown in Tables 1 and 2,
respectively. A total of 115 oligonucleotides that are 6-16 nucleotides long
could be generated from these two strains. Out of the combined 115
oligonucleotides, 70 oligonucletides have unique masses, whereas each of the
remaining fragments has a mass identical to another fragment (see Table 3).
Twelve oligonucleotides uniquely identify K12, and 15 oligonucleotides uniquely
identify O157 (Table 4). These oligonucleotides unique for distinguishing the
two E. coli strains are not found in the oligonucleotides that would be generated
in the presence of N.BstNB | from chromosome 21 of the human genome (see
Table 5).

Table 6 lists the relative probability of obtaining an overlapping
mass (composition) as a function of the length of the trigger in a background of
DNA that is as complex as the human genome (4 billion bases).

Table 7 lists the number of oligonucleotides having 6-16
nucleotides that would be generated in the presence of N.BstNB | from 35
bacterial species. The average number of oligonucleotides that would be
generated per organism is 19. Greater than 99% of these fragments have a
unique mass and sequence, thus virtually every one of the fingerprinting

oligonucleotides is unique to the organism from which it is generated.
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Table 3. Comparison of the shared and unique fingerprinting fragments
between two E. coli strain K12 and 0157

Length Total Number of Number of Number of Number of

of number of | fragment per | fragments fragments fragments

fragment | fragments | strain with unique without unique | unique to

K12/0157 masses masses strain

K12/0157

6 11 6/5 7 4 2/1

7 23 13/10 14 9 31

8 9 2/7 6 2 0/3

9 9 5/4 6 3 2/1

10 5 3/2 4 1 2/1

11 8 3/5 5 3 0/2

12 8 4/4 4 4 0/0

13 7 4/3 4 3 1/0

14 4 0/4 4 0 0/2

15 15 7/8 8 7 11

16 16 7/9 8 7 1/3

total 115 54/61 70 43 (2 repeats) | 12/15

total % 47/53 61 61 (unique) 17/21
(unique)
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Table 6. Probability of overlap of any given fragment of specified length
with a N.BstNB I-derived oligonucleotide created from a genome the size

of the human genome

length of fragment | # possibilities | overlap probability
human gemone

6.5 x 10* 0.4
2.6x10° 0.1

10 1.0 x 10° 0.03

11 4.1 x 108 6.4x 107

12 1.7 x 107 1.6 x 1073

13 6.7 x 107 4.0x10*

14 2.7 x 108 1.0x 10™

15 1.1 x10° 2.5x10°

16 4.3x10° 6.3x 10®
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Table 7. Number of N.BstNB | derived oligonucleotides per organism

Organism

Number

aeropyrum_pernix.fna

21

archaeoglobus_fulgidus.fna

6

bacillus_subtilis.fna

21

bacilus_halodurans.fna

38

bacilus_halodurans.fna

campylobacter_jejuni.fna

caulobacter_crescentus.fna

32

chlamydia_muridarum.fna

chlamydia_trachomatis.fna

chlamydophila_pneumoniae_AR39.fna

17

halobacterium_sp.fna

29

helicobacter_pylori_26695.fna

lactococcus_lactis.fna

mesorhizobium_loti.fna

28

methanobacterium_thermoautotrophicum.fna

19

mycobacterium_leprae.fna

46

mycobacterium_tuberculosis_CDC1151.fna

47

mycoplasma_pneumoniae.fna

mycoplasma_pulmonis.fna

neisseria_meningitidis_MC58.fna

pasteurelia_multocida.fna

(¢)]

pseudomonas_aeruginosa.fna

52

pyrococcus_abyssi.fna

pyrococcus_horikoshii.fna

rickettsia_prowazekii.fna

staphylococcus_aureus_Mu50.fna

staphylococcus_aureus_N315.fna

streptococcus_pyogenes.fna

sulfolobus_solfataricus.fna

A || 2N~ N

synechocystis_PCC6803.fna

thermoplamsa_acidophilum.fna

thermoplasma_volcanium.fna

thermotoga_maritima.fna

treponema_pallidum.fna

01
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Organism

Number

xylella_fastidiosa.fna

28
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EXAMPLE 2
GENERATION OF OLIGONUCLEOTIDE-BASED FINGERPRINTS FROM WHOLE GENOMIC
DNA

This example shows oligonucleotide-based fingerprints generated

from whole genomic DNA and charaterization thereof.

Templates Designed for Detecting E. coli 0157 and K12

The following templates were designed to detect E.coli 0157 and
K12. The first oligonucleotide in each set is the one that would be
generated/amplified from the whole genome of E. coli 0157 or K12 in the
presence of nicking enzymes N.BstNB | and N.Alw | and a DNA polymerase.
The next two oligonucleotides are two template oligonucleotides useful in
further amplification of the oligonucleotide generated from the whole genome.
The sequence of the sense strand of the recognition sequence of N.BstNB | is

underlined.

0157-392522 5-TGGCAATATCC
0157-1S:  5- TGAAAACCGAAAGAGTCAATTGGATATTGCCA
0157-1SP: 5- TGAAAACCGAAAGAGTCAATTTGGCAATATCC

0157-1660620 5'- GATATTATTGG
0157-28:  5- TGAAAACCGAAAGAGTCAATTCCAATAATATC
0157-2SP: 5- TGAAAACCGAAAGAGTCAATTGATATTATTGG

0157-1856922 5'- GGCATTACGCGCGG
0157-3S: 5~ TGAAAACCGAAAGAGTCAATTCCGCCGCGCGTAAT
0157-3SP: §'- TGAAAACCGAAAGAGTCAATTGGCATTACGCGCGG

0157-2268011 5'- TTTAACGCCAGTTC
0157-4S:  5'- TGAAAACCGAAAGAGTCAATTGAACTGGCGTTAAA
0157-4SP: 5- TGAAAACCGAAAGAGTCAATTTTTAACGCCAGTTC
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K12-198629 5- TTGAAACGGGCATAA
K12-18S: 5'- TGAAAACCGAAAGAGTCAATTTTATGCCCGTTCAA
K12-1SP:  5- TGAAAACCGAAAGAGTCAATTTTGAACGGGCATAA

K12-312061 5- GGATTGAGTGTTG
K12-2S: 5'- TGAAAACCGAAAGAGTCAATTCAACACTCAATCC
K12-2SP:  5- TGAAAACCGAAAGAGTCAATTGGATTGAGTGTTG

K12-558515 5'- TTCTGGATGAATGTTA
K12-3S: &'- TGAAAACCGAAAGAGTCAATTTAACATTCATC
K12-38P:  5- TGAAAACCGAAAGAGTCAATTGATGAATGTTA

K12-1093455 5-TAAAGCGGCA
K12-4S: 5'- TGAAAACCGAAAGAGTCAATTTGCCGCTTTA
K12-4SP:  5- TGAAAACCGAAAGAGTCAATTTAAAGCGGCA

Materials

Oligonucleotides were synthesized by Midland Certified Reagent
Company, Inc. (Midland, TX), or MWG Biotech, Inc. (High Point NC). The
oligonucleotides were routinely checked by time-of-flight mass spectrometry
(using LCT from Micromass, Manchester, UK).

All enzymes were purchased from New England Biolabs. The
DNA polymerase used was exo”Vent. The nicking enzyme (N.BstNB,|) has a
specific activity of approximately 10° units/mg. All HPLC components (water
and acetonitrile) were purchased from Fisher Scientific (Pittsburgh, PA). The
dimethyl-butylamine was purchased from Sigma-Aldrich Corp. (St. Louis, MO)
and a salt was made by the addition of acetic acid (Sigma Aldrich) to pH 8.4.
The 2 molar stock solution was filtered using a 0.2 micron nylon filter.

K12 and O157 DNAs were obtained the Coriell Institute. Purified
E. coli DNA was obtained from Sigma and human liver mRNA was obtained

from Ambion (Austin TX). Nicked E. coli DNA was prepared by placing 25
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micrograms of DNA in 200 microliters of 1x N.BstNB | buffer (New England
Biolabs) and 10 ul of N.BstNB | nicking enzyme (20 units). The solution was
incubated at 55°C for 60 minutes, and then heated to 95°C for 5 minutes to

inactivate the nicking enzyme and denature the E. coli DNA.

DNA isolation from prokaryotic sources.

Isolation and quantitation of genomic DNA from gram-negative
and spirochete bacteria were also achieved as follows. Cells were pelleted and
washed twice in 1 ml of 1M NaCl by centrifugation in a fixed angle microfuge at
15,000 rpm for 5 min. Cells were washed twice and resuspended in TE (10 mm
Tris, 25 mM EDTA, pH 8.0) and incubated in 0.2 mg/ml lysozyme and 0.3
mg/ml RNase A for 20 min at 37°C. If lysis by lysozyme was not visible with
refractory pathogenic strains, 0.6% SDS was added. To these suspensions,
1% Sarkosyl and 0.6 mg/ml proteinase K were added, and the cells were
incubated for 1 hr at 37°C. Cell lysates were extracted twice with phenol and
twice with chloroform. The aqueous phase was precipitated with 0.33M NH,4
acetate and 2.5 volumes of ethanol. Precipitated threads of DNA were
removed with a sterile Pasteur pipette tip, and dissolved in TE (10 mM Tris, 1
mM EDTA, pH 8.0).

Isolation of genomic DNA from Gram-positive bacteria was also
performed as follows. Concentrated cell pellets were washed twice in 1M NaCl
and twice in TE (50 mM Tris, 50 mM EDTA, pH 7.8) and spun in a fixed-angle
microfuge for 5 min. Cell pellets were resuspended in TE and incubated with
250 U/ml mutanolysin and 0.3 mg/ml RNAse A for 30 min at 37°C. To this
reaction, 0.6% SDS and 0.6 mg/mi proteinase K were added, and the mixture
was incubated for 1 hr at 37°C, followed by 65°C for 45 min. Lysates were
extracted twice with phenol and twice with chloroform. The aqueous phase was
precipitated with 0.33M NH, acetate and 2.5 volumes of ethanol. Precipitated
threads of DNA were removed with a sterile Pasteur pipette tip, and dissolved
in TE (10 mM Tris, 1 mM EDTA, pH 8.0).
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In both instances the genomic DNA was quantitated by
spectrofluorimetry at excitation and emission wavelengths of 365 nm and 460

nm respectively using the DNA-specific dye, Hoechst 33258 and a fluorometer.

Generating Oligonucleotides from Genomic DNA

The reaction conditions used to generate oligonucleotides from
genomic DNA are: 85 mM KClI, 256 mM Tris-HCI (pH 8.8 at 25°C), 2.0 mM
MgSOs, 5 mM MgCla, 10 mM (NH4)2S04, 0.1% Triton X-100, 0.5 mM DTT, 0.8
units N.BstNB | nicking enzyme (NEB), 0.05 units 9°Nm™ polymerase (NEB),
200 micromolar dNTPs, 10 micrograms/ml BSA (NEB), and 0.001 to 500 ng of
genomic DNA in ultra-pure water that is nuclease free (Ambion, Austin TX).

Incubation is at 60°C for the time as specificied.

Exponential Amplification of Oligonucleotide Generated from Genomic DNA

The reaction conditions for exponentially amplifying the
oligonucleotides generated from genomic DNA are: 85 mM KCI, 25 mM Tris-
HCI (pH 8.8 at 25°C), 2.0 mM MgSOy4, 5 mM MgClz, 10 mM (NH4).SO., 0.1%
Triton X-100, 0.5 mM DTT, 0.4 units N.BstNB | nicking enzyme (NEB), 0.05
units 9°Nm™ polymerase (New England Biolabs, (NEB), MA), 0.2 M trehalose,
200 micromolar dNTPs, 10 micrograms/ml BSA (NEB), 0.1 micromolar of each
template olignucleotide in ultra-pure water that is nuclease free (Ambion). In
the case of fluorescence monitoring, SYBR® green (Molecular Probes, Eugene
OR) was added to 5x concentration (SYBR® green is supplied by the
manufacturer at a concentration of 10,000X). Incubation is for times indicated
in the text at 55°C to 65°C (as specified).

To determine the lower limit of detection, the following reaction
mixture was assembled in a 5 ml polypropylene tubes on ice (4°C). 100 ul 10x
Thermopol Reaction buffer, 50 ul 10x N.BstNB | buffer, 1 ul of the first template
oligonucleotide (T1) at 100 uM stock, 1 ul of the second template
oligonucleotide (T2) at 100 uM stock, 24 ul 25 mM dNTPS, 1 ul 10 mg/ml BSA,
40 ul N.BstNB I nicking enzyme at 10 units/ul, 24 ul 9°Nm™ polymerase, 760 ul
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ultra-pure water. The reaction was mixed to homogeneity with a 1 ml pipetor.
In a set of 12 microtubes, 120 ul was added to the first tube, then 80 ul was
aliquoted over the remaining 11 tubes. The oligonucleotide(s) generated from
genomic DNA or otherwise to be exponentially amplified was diluted 1-1000
from the stock concentration of 100 uM, to a final concentration of 0.1 uM. One
microliter of the 0.1 uM solution was added to the first tube, then eleven, 3-fold
dilutions were made by transferring 40 ul from the first tube and mixing. The
serial dilutions were made on ice. The tubes were capped and then incubated
at 60°C for the times indicated. The reaction was stopped by placing the tube
at 4°C oronice. In the case of real time fluorescence monitoring, an MJ
Opticon was programmed as follows: (1) incubate 10 seconds at 60°C, (2) read

plate, then repeat the incubation and reading steps 29 more times.

Chromatography, Time-of-Flight (TOF) Mass Spectrometry

The chromatography system was an Agilent 1100 Series HPLC
composed of a binary pump, degasser, a column oven, a diode array detector,
and thermostatted microwell plate autoinjector (Agilent Technologies, Palo Alto,
CA). The column is a Waters Xterra MS C18, incorporating C18 packing with
3.5 uM particle size, with 125 Angstrom pore size, 2.1 mm x 20 mm (Waters
Inc. Milford, MA). The column was run at 30°C with a gradient of acetonitrile in
5mM dimethyl-butylamine acetate (DMBAA). As a check on the complete -
release of the signal oligo during the chromatography and injection we ran the
column at 50° after incubating the sample briefly at 95°C. We saw no increase
in the oligo yield over our standard conditions. Buffer A is 5mM DMBAA, buffer
B is 5mM DMBAA and 50% (V/V) acetonitrile. The gradient begins at 10%B
and ramps to 15%B over 0.3 minute, to 30%B over 2 minutes, to 90%B over
0.5 minute, to 10%B over 0.25 minute, then holds at 10%B for 1.25 minutes.
The column temperature was held constant at 30°C. The flow rate was 0.25
ml/minute. The injection volume was 10 ul. Flow rate into the mass
spectrometer was also 0.25 ml/min. The mass spectrometer is a Micromass

LCT Time-of-Flight with an electrospray inlet (Micromass Inc. Manchester UK).
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The samples were run in electrospray negative mode with a range from 800 to
2000 amu using a 1 second scan time. Source parameters: Desolvation gas
450 L/hr, Capillary 2225V, Sample cone 30V, RF lens 400V, extraction cone
7V, desolvation temperature 275°C, Source temperature 120°C. Analysis of the
LC-mass spectrometry data made use of the software supplied by the
manufacturer.

Oligonucleotides are known to exhibit different ionization
efficiencies, which in our measurements would be translated into sequence-
specific differences in measured oligo concentration. A survey of a range of
more than 80 different 12mers indicated that the variation between sequences
attributable to this difference is less than 30%. Almost all relevant quantitative
comparisons are with the same oligo sequence. It is necessary, however, to
calibrate for ionization efficiencies for quantitative comparisons between

different sequences.

MADLI Mass Spectroscopy

MALDI Mass Spectroscopy reagents are 1% PADMAC from a
stock solution of 10% w/v of poly(diallyldimethylammonium chloride) from
Polysciences in 0.3x SSPE, diluted to 1% w/v in HPLC water. 3-HPA Matrix is
prepared fresh daily by placing 25mg of 3-hydroxypicolinic acid washed once
with 1000ul acetonitrile, decanted, dissolved in 500ul acetonitrile and 500ul
0.1%TFA. ammonium citrate is prepared by dissolving in HPLC water to
10mg/ml.

The procedure for manual spotting is as follows: on a clean
MALDI card (stainless steel, Micromass), 0.5ul of the 1% PADMAC solution
was placed onto the center of the well using a P2 pipetman. The plate was
heated on a thermocycling block to 50°C and the drop was allowed to dry
completely (3 to 5 minutes). The card is allowed to cool. 0.5ul of sample was
placed (oligo standard or assay sample) onto the well in the same spot as the
PADMAC. The card was placed on the heating block until the spots are dry.

This step is repeated if the sample is dilute. The card is removed, cooled and
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washed with 2ul of 10mg/ml ammonium citrate on the wells, 1 minute
incubation followed by aspiration of the liquid off using vacuum suction. The
wash was repeated followed by two washes with 2 ul HPLC grade water as
above. The card was heated to dry (2 to 5 minutes). A small drop (about ¥4 ul)
of matrix was applied to each spot. The matrixwas dried, and.the application
was repeated. The card was dried on the heated block for 1 minute.

Acquisition Details: when a MALDI instrument in positive mode
with the neutral density filter removed (Micromass Manchester UK) was used,
the following parameters were employed: Source voltage of 15000, Pulse
voltage of 1313, MCP detector voltage of 1800, Fine Laser Energy % 75, Matrix
suppression (amu) 493.2, TLF delay of 500 ns. ADC seitings were: Sample
period of 0.5 ns and signal sensitivity of 100. Mass range of acquisition was
from 1500 to 15000 amu. The laser firing rate was set to 5 Hz and shots per
spectrum was set to 5.

Calibration: The daily calibration was performed using a mixture

of oligonucleotides. The sequences and calculated average masses was as

follows:
8mer-1v ATGATGCA 2433.6
62100 trigger TTTATGAACT AT 3634.4
ITAtop CCGATCTAGT GAGTCGCTC 5779.8
48180p GAAAATCCCC TGAGATGAGT CAGTG 7715.1
63180 GGTACTAGCCTTATGCGACTCGGTACTAGCCTT 10095

Real-time Fluorescence Measurement

All fluorescence measurements reported here were made on an
MJ Opticon™ instrument (MJ Research Ltd., Waltham, MA) using software
supplied by the manufacturer. The real-time measurements on this instrument
were made using an isothermal protocol using a 10-30 second interval read

beginning 10 seconds after the lid and chamber reached 60°C.
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Results

Eight short oligonucleotides (6-16 nucleotides in length) unique to
E.coli strain K12 or 0157, respectively, were generated by incubating 10° cells
of each strain in the amplification buffer and incubating with the nicking enzyme

5 N.BstNB | and 9°Nm™ polymerase for 10 minutes at 60°C.

A small aliquot of the above-described reaction mixture was then
added to a replicator type amplification reaction where a set of two templates
(i.e., 0157-1S and O157-1SP, 0157-2S and 0157-2SP, O157-3S and 0O157-
3SP, 0157-4S and O157-4SP, K12-1S and K12-1SP, K12-2S and K12-2SP,

10 K12-3S and K12-3SP, or K12-4S and K12-4SP) designed to further amplifying
one of the eight short oligonucleotides as described above were present. The
resulting reaction mixture was for 3 minutes at 60°C, cooled to 4°C and then
subjected to both MALDI and LC-TOF mass spectirometry analysis (see Table
8). All the four oligonucleotides from each of the two strains were amplified,

15 while no oligonucleotides were arhplified from the negative controls.
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Table 8. Analysis of the fingerprinting reactions for E. coli 0157 and K12
strains by LC-TOF and mass spectrometry

Name of template | Peak area | Peak height
oligonucleotide LC-TOF height
0157-1S 55 172
0157-2S 25 184
0157-3S 36 122
0157-4S 44 78
K12-1S 56 99
K12-2S 26 123
K12-3S 66 176
K12-4S 37 189
negative control <0.01 not observed
negative control <0.01 not observed
positive control 75 125

False positives can be greatly reduced when one strand of
genomic DNA generates an oligonucleotide that is exactly complementary to
another oligonucleotide generated from the other strand of the genomic DNA.
Under such circumstances, the possibility of an accidental production of not just
one, but two, oligonucleotides with masses identical to those expected from the
two complementary oligonucleotides generated from the genomic DNA is much
smaller than the possibility of an accidential production of one oligonucleotide
with a mass identical to that of an oligonucleotide generated from the genomic
DNA.

Figures 4a and 4b show the TOF spectra of the multiplexed
amplification reaction in the presence of short oligonucleotides generated from
the genomic DNA of the E. coli strain K12 and 0157, respectively.

Figures 5a and 5b show the MALDI spectra of the multiplexed

amplification reaction in the presence of short oligonucleotides generated from
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the genomic DNA of the E. coli strain K12 and 0157, respectively. The figures
show that all the eight amplification products and the oligonucleotide generated
by the positive control, but no additional fragments were amplified.

Both MALDI and LC-TOF mass spectrometry methods are highly
amenable to multiplexing with respect to the simultaneous measurement of
mass/charge ratios. Using current off-the-self instrumentation the level of
achievable multiplexing should reach 200-500 fragments for LC-TOF and 20-50
different fragments when using MALDI mass spectrometry.

The readout can also be accomplished by real-time fluorescence
although the capability to perform intra-well multiplexing is lost. The lower limit
of detection for triggering oligonucleotides from E. coli K12 was determined by
serially diluting the oligonucleotide generated from the genomic DNA and
measuring the duplex formation and intercalation of SYBR® green during the
exponential amplification reaction using real-time fluorescence monitoring. The
trigger was diluted from a starting concentration of 1 x 10™* micromolar to 1 x 10°
12 micromolar in 3-fold intervals per well. The reaction was monitored every 10
seconds using SYBR® green on an MJ Opticon™ 1. As shown in Figure 6, the
rate of accumulation of double-strand material is proportional to the
concentration of the oligonucleotide generated from the genomic DNA. At the
highest concentration of this oligonucleotide, the reaction was complete is 50
seconds, and there was an approximate 20 second delay in accumulation of
fluorescence for each 4-fold dilution of the trigger. The eleventh dilution of
trigger was clearly above the values of the no-trigger control indicating the
lower limit of detection of about 200 molecules. The level of amplification was
about 10%-fold. There appears to be no fundamental limitation on the lower limit
of detection. By scaling down the volume of amplification via miniaturation or
by using solid phase technologies, a lower limit of detection of a few tens of
molecules should be achieved. ‘

Another tractable form of multiplexing is to covalently immobilize
the template amplification-oligonucleotides in an array format where

multiplexing is achieved by spatial separation of elements on the array. Each
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element contains two templates (T1 and T2) specific for a particular
oligonucleotide generated from a genomic DNA. When the template
oligonucleotides are covalently immobilized on a surface coated with 70,000
MW poly(ethyleneimine) (PEI), the nicking enzymes and polymerases are not
hindered and amplification is nearly as efficient as in solution. Covalent
attachment of the amplification-templates has the added advantage that the
annealing between the T1 and T2 templates is prevented.

The 8 sets of amplification templates (for E. coli strains K12 and
0157) as described above were immobilized on PEI glass slides using cyanuric
chloride as the cross-linker (see above). Trigger oligonucleotides were added
to the ampilification reaction at 1 x 10 femtomolar and the reaction was
incubated 60°C for 10 (under a coverslip). All K12 elements were positive with
K12 triggers and the 0157 elements positive with 0157 triggers in which the
positive and negative controls also showed the results as expected. During the
amplification, the single-stranded amplification templates were converted to
double strand and in the presence of SYBR® green, the amplifying elements

become fluorescent and the negative elements remain unstained.

EXAMPLE 3
COMPUTER-ASSISTED IDENTIFICATION OF SHORT OLIGONUCLEOTIDES CONTAINING
SINGLE NUCLEOTIDE POLYMORPHISM

Certain short oligonucleotide fragments generated from the
genomic DNA of an organism may contain single nucleotide polymorphisms. In
other words, a short oligonucleotide fragment generated from the genomic DNA
from one individual may be different from the corresponding fragment from
another individual. Such oligonucleotide fragments may be used to
characterize genetic variations and to identify a particular individual. Table 9
shows the short oligonucleotides that would be generated from human genomic
DNA in the presence of the nicking enzyme N.BstNB | alone or the nicking

enzyme N.BstNB1 in combination with another restriction endonuclease
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selected from Bcl |, Bsa B, Bsm |, Bsr | and Bsr D1. In the enzyme column,
“NBstNBI” indicates that the fragment is flanked by two N.BstNB | sites.
Bcll_NBstNBI indicates that a fragment is flanked by a Bcll site and an N.BstNB
I site. This table also shows portions of genomic DNA that contains two closely
located sequences of one strand of the N.BstNB | recognition sequence, or the
sequence of one strand of the N.BstNB | recognition sequence and that of one

strand of the Bcll recognition sequence.
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All of the above U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent applications and non-
patent publications referred to in this specification and/or listed in the
Application Data Sheet, are incorporated herein by reference, in their entirety.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit
and scope of the invention. Accordingly, the invention is not limited except as

by the appended claims.
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CLAIMS

1. A method comprising:

a) providing a nucleic acid sample;

b) treating the nucleic acid sample with components under nicking
conditions, where the components comprise:

i) a nicking agent;
and the conditions cause the nicking agent to nick the nucleic acid sample to thereby
produce a family of initiating oligonucleotide fragments;

c) subjecting one or more members of the family of initiating
oligonucleotide fragments to a characterization process to thereby provide results;
and

d) identifying a source for the nucleic acid sample based on the

results of the characterization process.

2. The method of claim 1 wherein the components further
comprise:
i) a polymerase; and
iii)) a deoxyribonucleoside triphosphate.
3. The method of claim 2 wherein the components further
comprise:

iv) a template oligonucleotide comprising from 3’ to 5’
(A) afirst nucleotide sequence that is at least
substantially complementary to a hucleotide sequence present in one or more
members of the family of initiating oligonucleotide fragments;
(B) a sequence of one strand of a nicking agent
recognition sequence; and

(C) asecond nucleotide sequence.
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4, The method of claim 3 wherein sequence iv)(B) is a sequence of
an antisense strand of the nicking agent recognition sequence, and sequence iv)(A)

is at least substantially identical to sequence iv)(C).

5. The method of claim 3 wehrein the components further
comprising
V) a second template oligonucleotide, comprising, from 3’ to
5"

(A) afirst nucleotide sequence that is at least
substantially identical to a nucleotide sequence present in the one or more members
of the family of initiating oligonucleotide fragments;

(B) asequence of a sense strand of the nicking agent
recognition sequence; and

(C) asecond nucleotide sequence.

wherein sequence iv)(B) is a sequence of a sense strand of the

nicking agent recognition sequence.

6. The method of claim 1 wherein the components further

comprises a restriction endonuclease.

7. The method of claim 1 wherein the one or more members of the

family of initiating oligonucleotide fragments are 6-16 nucleotides in length.

8. The method of claim 1 wherein the nicking agent is a nicking

endonuclease.
9. The method of claim 1 wherein the nicking agent is N.BstNB 1.

10.  The method of claim 2 wherein the polymerase is selected from

exo” Vent polymerase, Bst polymerase, and 9°Nm™ polymerase.
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11.  The method of claim 3 wherein the 3’ terminus of template iv) is
blocked.

12.  The method of claim 4 wherein sequence iv)(A) is exactly

identical to sequence iv)(C).

13.  The method of claim 5 wherein the 3’ termini of template iv) and

v) are blocked.
14.  The method of claim 3 wherein the template is immobilized.

15.  The method of claim 5 wherein templates iv) and v) are

immobilized.

16. The method of claim 1 wherein the characterization process is
performed at least partially by a technique selected from the group consisting of
luminescence spectroscopy or spectrometry, fluorescence spectroscopy or
spectrometry, mass spectrometry, liquid chromatography, fluorescence polarization,

and electrophoresis.

17.  The method of claim 16 wherein the characterization process is

performed at least partially by mass spectrometry.

18. The method of claim 17 wherein the mass spectrometry is
MALDI or LC-TOF.

19. A template oligonucelotide for amplifying a portion of a target
nucleic acid, wherein ‘

(i) the portion of the target is 6-16 nucleotides in length and flanked
by
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(A) asequence of one strand of a first nicking enzyme
recognition sequence, and

(B) a sequence of one strand of a second nicking enzyme
recognition sequence, or a sequence of one strand of a restriction enzyme
recognition sequence, and

(i)  the template oligonucleotide comprising from 3’ to 5

(A) afirst nucleotide sequence that is at least substantially
complementary to the portion of the target,

(B) asequence of an antisense strand of a third nicking
enzyme recognition sequence, and

(C) a second nucleotide sequence that is at least

substantially identical to the first nucleotide sequence.

20. The template oligonucleotide of claim 19 wherein the first and

third nicking enzyme recognition sequences are identical to each other.

21.  The template oligonucleotide of claim 19 wherein the first,

second and third nicking enzyme recognition sequences are identical to each other.

22. The template oligonucleotide of claim 21 wherein the first,
second and third nicking enzyme recognition sequences are recognizable by
N.BstNB |.

23. The template oligonucleotide of claim 19 wherein the 3’ terminus

of the template oligonucleotide is blocked.

24.  The template oligonucleotide of claim 19 wherein the 3’ terminus

of the template oligonucleotide is immobilized.

25. The template oligonucleotide of claim 19, wherein the portion of

the target is selected from the products listed in Tables 1, 2, 4, 5, and 9.
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26. The template oligonucleotide of claim 19 wherein the portion of

the target comprises a genetic variation.

27.  The template oligonucleotide of claim 26 wherein the genetic

variation is a single nucleotide polymorphism.

28. A composition for amplifying a portion of a target nucleic acid,
comprising a first template oligonucleotide and a second template oligonucleotide,
wherein

(i) the portion of the target is 6-16 nucleotides in length and flanked
by

(A)  asequence of one strand of a first nicking enzyme
recoghition sequence, and

(B) asequence of one strand of a second nicking enzyme
recognition sequence, or a sequence of one strand of a restriction enzyme
recognition sequence,

(i) the first template oligonucleotide comprises from 5’ to 3

(A)  afirst nucleotide sequence,

(B) asequence of a sense strand of a third nicking agent
recognition sequence, and

C) a second nucleotide sequence that is at least
substantially complementary to the portion of the target, and

(iii)  the second template oligonucleotide comprises from 5’ to 3':

(A)  afirst nucleotide sequence,

(B) asequence of a sense strand of a fourth nicking agent
recognition sequence, and

(C) asecond nucleotide sequence that is at least

substantially identical to the portion of the target.

29. The composition of claim 28 wherein the first, third and fourth

nicking enzyme recognition sequences are identical to each other.
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30.  The composition of claim 28 wherein the first, second, third and

fourth nicking enzyme recognition sequences are identical to each other.

31.  The composition of claim 29 wherein the first, third and fourth

nicking enzyme recognition sequences are recognizable by N.BstNB I.

32.  The composition of claim 28 wherein the 3’ termini of the first

and second templates are blocked.

33.  The composition of claim 28 wherein the 3’ termini of the first

and second templates are immobilized.

34.  The composition of claim 28 wherein the portion of the target is
selected from the products listed in Tables 1, 2, 4, 5 and 9.

35.  The composition of claim 28 wherein the portion of the target

comprises a genetic variation.

36. The composition of claim 35 wherein the genetic variation is a

single nucleotide polymorphism.

37. A composition comprising:

(1)  a nicking agent, and

(2)  atleast one fragment selected from the products listed in Tables
1,2,4,5and 9,

wherein the at least one fragment is produced at least partiaily by

action of the nicking agent.

38.  The composition of claim 37, wherein the nicking agent is
N.BstNB I.
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39. The composition of claim 38, wherein the nicking agent is
N.Alw .

40. The composition of claim 37 further comprising a restriction
endonuclease selected from Bcl |, Bsa Bl, Bsm |, Bsr | and Bsr D1, wherein the at

least one fragment is selected from the products listed in Table 9.

41. The composition of claim 37 comprising at least two fragments
selected from the products listed in Tables 1, 2, 4, 5 and 9.

42. The composition of claim 37 comprising at least three fragments

selected from the products listed in Tables 1, 2, 4, 5and 9.

43. The composition of claim 37 comprising at least five fragments

selected from the products listed in Tables 1, 2, 4, 5 and 9.

44, A Kkit for identifying the source of a nucleic acid sample,
comprising one or two template oligonucleotides for amplifying a portion of a
genomic DNA of an organism suspected to be the source of the nucleic acid sample,
wherein the portion of the genomic DNA is 6-16 nucleotides in length and flanked by

(A) asequence of one strand of a first nicking enzyme recognition
sequence, and

(B) asequence of one strand of a second nicking enzyme
recognition sequence, or a sequence of one strand of a restriction enzyme

recognition sequence.

45.  The kit of claim 44 wherein the one or two template

oligonucleotides is the template oligonucleotide of claim 19.

46. The kit of claim 44 wherein the one or two template

oligonucleotides is the template oligonucleotide of claim 20.
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47. The kit of claim 46 further comprising a nicking enzyme that

recognizes the first and third nicking enzyme recognition sequences.

48.  The kit of claim 44 wherein the one or two template

oligoncleotides is the first and second template oligonucleotides of claim 28.

49.  The kit of claim 44 wherein the one or two template

oligonucleotides is the first and second template oligonucleotides of claim 29.

50.  The kit of claim 49 further comprising a nicking enzyme that

recognizes the first, third and fourth nicking enzyme recognition sequences.

51.  The kit of claim 44 further comprising a DNA polymerase.

52.  The kit of claim 51 further comprising one or more

deoxyribonucleoside triphosphate.

53.  The kit of claim 44 wherein the portion of the genomic DNA is

selected from the products listed in Tables 1, 2, 4, 5 and 9.

54.  The kit of claim 44 wherein the portion of the genomic DNA

comprises a single nucleotide polymorphism.

55.  An array, comprising
(a) asubstrate having a plurality of distinct areas; and
(b)  the template oligonucleotide of claim A1 or the composition of

claim B1 immobilized to at least one of the plurality of distinct areas.
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