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1
METHODS FOR DETECTION AND
QUANTIFICATION OF ANALYTES IN
COMPLEX MIXTURES

RELATED APPLICATIONS

This application is a continuation of U.S. Utility applica-
tion Ser. No. 13/027,493, filed Feb. 15, 2011, now U.S. Pat.
No. 8,492,094, which is a continuation of U.S. Utility
application Ser. No. 10/542,458, now U.S. Pat. No. 7,919,
237, filed Jan. 26, 2007, which entered the national stage
under 35 U.S.C. 371 and corresponds to International Appli-
cation No. PCT/US2002/021278, filed Jul. 3, 2002, which is
a continuation-in-part of U.S. Utility application Ser. No.
09/898,743, filed Jul. 3, 2001, now U.S. Pat. No. 7,473,767,
the contents of each of which are each herein incorporated
by reference in their entireties.

INCORPORATION OF SEQUENCE LISTING

The contents of the text file named “40448-501C03US
ST25.txt,” which was created on May 3, 2013 and is 2 KB
in size, are hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

This invention relates generally to the field of genomics
and, more specifically to detection, identification, and quan-
tification of target analytes in mixtures.

Although all cells in the human body contain the same
genetic material, the same genes are not active in all of those
cells. Alterations in gene expression patterns can have
profound effects on biological functions. These variations in
gene expression are at the core of altered physiologic and
pathologic processes. Therefore, identifying and quantifying
the expression of genes in normal cells compared to diseased
cells can aid the discovery of new drug and diagnostic
targets.

Nucleic acids can be detected and quantified based on
their specific polynucleotide sequences. The basic principle
underlying existing methods of detection and quantification
is the hybridization of a labeled complementary probe
sequence to a target sequence of interest in a sample. The
formation of a duplex indicates the presence of the target
sequence in the sample and the degree of duplex formation,
as measured by the amount of label incorporated in it, is
proportional to the amount of the target sequence.

This technique, called molecular hybridization, has been
a useful tool for identifying and analyzing specific nucleic
acid sequences in complex mixtures. This technique has
been used in diagnostics, for example, to detect nucleic acid
sequences of various microbes in biological samples. In
addition, hybridization techniques have been used to map
genetic differences or
polymorphisms between individuals. Furthermore, these
techniques have been used to monitor changes in gene
expression in different populations of cells or in cells treated
with different agents.

In the past, only a few genes could be detected in a
complex sample at one time. However, DNA microarrays,
devices that consist of thousands of immobilized DNA
sequences present on a miniaturized surface, have made this
process more efficient. Using a microarray, it is possible in
a single experiment to detect the presence or absence of
thousands of genes in a biological sample. This allows
researchers to simultaneously perform several diagnostic
tests on one sample, or to observe expression level changes
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in thousands of genes in one experiment. Generally, microar-
rays are prepared by binding DNA sequences to a surface
such as a nylon membrane or glass slide at precisely defined
locations on a grid. Then nucleic acids in a biological sample
are labeled and hybridized to the array. The labeled sample
DNA marks the exact position on the array where hybrid-
ization occurs, allowing automatic detection.

Unfortunately, despite the miniaturization of array for-
mats, this method still requires significant amounts of the
biological sample. However, in several cases, such as biop-
sies of diseased tissues or samples of a discrete cell type, the
biological sample is in limited supply. In addition, the
kinetics of hybridization on the surface of a microarray is
less efficient than hybridization in small amounts of aqueous
solution. Furthermore, microarrays require a large dynamic
range of detection to account for large difference in abun-
dance of the different molecular species. This results in
decreased sensitivity since there is a trade-off between
sensitivity and dynamic range. A further problem with
microarray methods is that the output is quantitative analog
data that has undergone several intermediary transforma-
tions. In microarrays, the amount of nucleic acid hybridized
to each spot is determined by measuring its label and so any
nonlinear correlation between the amount of DNA hybrid-
ized and the amount of the label detected will skew the data
output. Such non-linearity has been widely documented.

Thus, there exists a need for accurate and sensitive
detection, identification and quantification of analytes in
complex mixtures. The present invention satisfies this need
and provides related advantages as well.

SUMMARY OF THE INVENTION

The invention provides a diverse population of uniquely
labeled probes, containing about thirty or more target spe-
cific nucleic acid probes each attached to a unique label
bound to a nucleic acid. Also provided is a method of
producing a population of uniquely labeled nucleic acid
probes. The method consists of (a) synthesizing a population
of target specific nucleic acid probes each having a different
specifier; (b) synthesizing a corresponding population of
anti-genedigits each having a unique label, the population
having a diversity sufficient to uniquely hybridize to gene-
digits within the specifiers, and (c) hybridizing the popula-
tions of target nucleic acid probes to the anti-genedigits, to
produce a population in which each of the target specific
probes is uniquely labeled. Also provided is a method of
detecting a nucleic acid analyte. The method consists of (a)
contacting a mixture of nucleic acid analytes under condi-
tions sufficient for hybridization with a plurality of target
specific nucleic acid probes each having a different specifier;
(b) contacting the mixture under conditions sufficient for
hybridization with a corresponding plurality of anti-gene-
digits each having a unique label, the plurality of anti-
genedigits having a diversity sufficient to uniquely hybridize
to genedigits within the specifiers, and (¢) uniquely detect-
ing a hybridized complex between one or more analytes in
the mixture, a target specific probe, and an anti-genedigit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows components of a specifier. FIG. 1A shows
an association between a target and a labeled specifier. FIG.
1B shows a structure of a genedigit. FIG. 1C shows an
association between a genedigit and labeled anti-genedigit.

FIG. 2 shows a DNA probe molecule (specifier) that
contains several different types of spatially separated labels.
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FIG. 3 shows DNA probe molecules containing a label on
one end that have been stretched on a coverslip using a
flow-stretch technique.

FIG. 4A shows labeled DNA probe molecules in a flow
cell with the voltage off. FIG. 4B shows the labeled DNA
probe molecule that have been aligned in the flow cell with
the voltage on.

FIG. 5 shows a schematic of probes being aligned by
constriction in the flow of a liquid containing the probes in
the presence of an oscillating electric field.

DETAILED DESCRIPTION OF THE
INVENTION

This invention is directed to methods for the generation of
a diverse population of unique labels that can be used for the
detection, identification, and direct quantification of a wide
variety of target analytes. The methods are advantageous in
that they generate a large number of unique labels of about
the same unit signal starting from just a small number of
different labels. Enough labels are generated by this method
so that each analyte in a complex mixture can be uniquely
bound by a label and thus identified. The labels are designed
so that they can be used in a small volume of solution which
increases the efficiency of the binding reaction and is useful
when only small amounts of sample are available for analy-
sis. After the individual molecules in a sample are identified,
they can be directly counted resulting in a digital read-out of
each molecular species in a mixture. Since the diverse labels
are based on a small number of starting labels, this allows
the detection method to operate in a narrow dynamic range
resulting in improved sensitivity of the system since the
trade-off between sensitivity and dynamic range is avoided.
The methods of the invention therefore provide an accurate
and sensitive system for the detection, identification and
quantitation of analytes in a mixture.

In one embodiment, the invention is directed to detecting
nucleic acid analytes in a complex mixture by first contact-
ing the mixture under conditions sufficient for hybridization
with a plurality of target specific nucleic acid probes. These
target specific nucleic acid probes, called specifiers, contain
a target specific region and a region containing one or more
unique “genedigit” sequences. The genedigits consist of
repeated core element sequences that can be specifically
bound by a complementary anti-genedigit sequence which
can contain a unique label. The mixture containing the
nucleic acid analytes and the specifiers is then contacted
with a corresponding plurality of labeled anti-genedigits
having a diversity sufficient to uniquely hybridize to gene-
digits within the specifiers. This allows the unique detection
of'a hybridized complex between analytes in the mixture and
specifiers with unique labels.

As used herein, the term “bound” when referring to a
unique label or nucleic acid is intended to mean that a label
monomer is attached to a nucleotide in a 1:1 correspon-
dence. A label monomer as used herein is intended to mean
an individual measurable moiety, such as a radioisotope,
fluorochrome, dye, enzyme, nanoparticle, chemiluminescent
marker, biotin, or other moiety known in the art that is
measurable by analytical methods. A label monomer can be
directly attached to a nucleotide using methods well known
in the art. Nucleotides can also be chemically modified or
derivitized in order to attach a label monomer. For example,
a fluorescent monomer such as a fluorescein molecule can be
attached to dUTP (deoxyuridine-triphosphate) using a four-
atom aminoalkynyl group. Each label monomer is attached
to a nucleotide making a label monomer:nucleotide com-
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plex. This label monomer:nucleotide can be incorporated
into nucleic acids in a variety of ways. For example, a label
monomer:nucleotide can be incorporated at only one loca-
tion within a nucleic acid or at two or more locations within
a nucleic acid. A nucleotide can be attached to a label
monomer first and then be incorporated into a nucleic acid,
or an existing nucleic acid can be labeled by attaching a label
monomer to a nucleotide within the nucleic acid. In addition,
for example, a label monomer:nucleotide can be incorpo-
rated into a nucleic acid and a different type of label
monomer:nucleotide can be incorporated into the same
nucleic acid.

As used herein, “analyte” or target when referring to an
analyte is intended to mean any molecule whose presence is
measured. An analyte molecule can be essentially any mol-
ecule for which a detectable probe or assay exists or can be
produced by one skilled in the art. For example, an analyte
can be a macromolecule such as a nucleic acid, polypeptide
or carbohydrate, or a small organic compound. Measure-
ment can be quantitative or qualitative. An analyte can be
part of a sample that contains other components or can be the
sole or major component of the sample. Therefore, an
analyte can be a component of a whole cell or tissue, a cell
or tissue extract, a fractionated lysate thereof or a substan-
tially purified molecule. The analyte can be attached in
solution or solid-phase, including, for example, to a solid
surface such as a chip, microarray or bead. Also the analyte
can have either a known or unknown structure or sequence.

As used herein, the term “target specific” is intended to
mean an agent that binds to a target analyte selectively. This
agent will bind with preferential affinity toward the target
while showing little to no detectable cross-reactivity toward
other molecules. For example, when the target is a nucleic
acid, a target specific sequence is one that is complementary
to the sequence of the target and able to hybridize to the
target sequence with little to no detectable cross-reactivity
with other nucleic acid molecules. A nucleic acid target
could also be bound in a target specific manner by a protein,
for example by the DNA binding domain of a transcription
factor. If the target is a protein or peptide it can be bound
specifically by a nucleic acid aptamer, or another protein or
peptide, or by an antibody or antibody fragment which are
sub-classes of proteins.

The term “complementary” refers to two nucleotides that
can form multiple thermodynamically favorable interactions
with one another. For example, adenine is complementary to
thymine as they can form two hydrogen bonds. Similarly,
guanine and cytosine are complementary since they can
form three hydrogen bonds. A nucleotide sequence is the
complement of another nucleotide sequence if the nucleo-
tides of the first sequence are complementary to the nucleo-
tides of the second sequence. The percent of complemen-
tarity (i.e. how many nucleotides from one strand form
multiple thermodynamically favorable interactions with the
other strand compared with the total number of nucleotides
present in the sequence) indicates the extent of complemen-
tarity of two sequences.

As used herein, the term “repeat sequence” is intended to
mean two or more copies of a core element. A repeat
sequence can have direct repetition of the core sequence
without any intervening sequence, or the repeat sequence
can have non-consecutive repetition of the core element with
intervening sequences. A core element can be made of
nucleic acids such as an oligonucleotide or an aptamer, or
the core element can be made of amino acids such as a
peptide sequence. If, for example, the core element is a
nucleic acid sequence of 8 base pairs then three direct
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repeats of this sequence would be a 24 base sequence. A
“complimentary repeat sequence” is a sequence that binds
specifically to the repeat sequence. For the example above
where the repeat sequence is repetition of a nucleic acid core
element, the complimentary repeat sequence can contain one
or more copies of the complementary strand of the core
element that will hybridize specifically to the repeat
sequence.

As used herein, the term “genedigit” is intended to mean
a region of pre-determined nucleotide or amino acid
sequence that serves as an attachment point for a label. The
genedigit can have any structure including, for example, a
single unique sequence or a sequence containing repeated
core elements. Each genedigit has a unique sequence which
differentiates it from other genedigits. An “anti-genedigit” is
a nucleotide or amino acid sequence or structure that binds
specifically to the gene digit. For example, if the genedigit
is a nucleic acid, the anti-genedigit can be a nucleic acid
sequence that is complementary to the genedigit sequence.
If the genedigit is a nucleic acid that contains repeated core
elements then the anti-genedigit can be a series of repeat
sequences that are complementary to the repeat sequences in
the genedigit. An anti-genedigit can contain the same num-
ber, or a lesser number, of repeat sequences compared to the
genedigit as long as the anti-genedigit is able to specifically
bind to the genedigit.

As used herein, the term “specifier” is intended to mean
the linkage of one or more genedigits to a target specific
sequence. The genedigits can be directly linked or can be
attached using an intervening or adapting sequence. A
specifier can contain a target specific sequence which will
allow it to bind to a target analyate. An “anti-specifier” has
a complementary sequence to all or part of the specifier such
that it specifically binds to the specifier.

As used herein, the term “mixture” is intended to mean a
composition that contains more than one molecule. A mix-
ture can be homogenous, containing a single species, or
heterogeneous, containing different species. Examples of
homogeneous samples include, for example, isolated popu-
lations of polypeptides, nucleic acids or carbohydrates.
Heterogeneous mixtures include extracts from tissues, cells,
lysates and fractionated portions thereof. For example, a
mixture can be a pure solution containing several molecules
of a single protein, or a mixture can be an extract from a cell
containing several proteins and other types of macromol-
ecules.

As used herein, the term “label” is intended to mean a
molecule or molecules that render an analyte detectable by
an analytical method. An appropriate label depends on the
particular assay format and are well known by those skilled
in the art. For example, a label specific for a nucleic acid
molecule can be a complementary nucleic acid molecule
attached to a label monomer or measurable moiety, such as
a radioisotope, fluorochrome, dye, enzyme, nanoparticle,
chemiluminescent marker, biotin, or other moiety known in
the art that is measurable by analytical methods. In addition,
a label can include any combination of label monomers.

As used herein, “unique” when used in reference to label
is intended to mean a label that has a detectable signal that
distinguishes it from other labels in the same mixture.
Therefore, a unique label is a relative term since it is
dependent upon the other labels that are present in the
mixture and the sensitivity of the detection equipment that is
used. In the case of a fluorescent label, a unique label is a
label that has spectral properties that significantly differen-
tiate it from other fluorescent labels in the same mixture. For
example, a fluorescein label can be a unique label if it is
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included in a mixture that contains a rhodamine label since
these fluorescent labels emit light at distinct, essentially
non-overlapping wavelengths. However, if another fluores-
cent label was added to the mixture that emitted light at the
same or very similar wavelength to fluorescein, for example
the Oregon Green fluorophore, then the fluorescein would
no longer be a unique label since Oregon Green and fluo-
rescein could not be distinguished from each other. A unique
label is also relative to the sensitivity of the detection
equipment used. For example, a FACS machine can be used
to detect the emission peaks from different fluorophore-
containing labels. If a particular set of labels have emission
peaks that are separated by, for example, 2 nm these labels
would not be unique if detected on a FACS machine that can
distinguish peaks that are separated by 10 nm or greater, but
these labels would be unique if detected on a FACS machine
that can distinguish peaks separated by 1 nm or greater.

As used herein, the term “signal” is intended to mean a
detectable, physical quantity or impulse by which informa-
tion on the presence of an analyte can be determined.
Therefore, a signal is the read-out or measurable component
of detection. A signal includes, for example, fluorescence,
luminescence, calorimetric, density, image, sound, voltage,
current, magnetic field and mass. Therefore, the term “unit
signal,” as used herein is intended to mean a specified
quantity of a signal in terms of which the magnitudes of
other quantities of signals of the same kind can be stated.
Detection equipment can count signals of the same type and
display the amount of signal in terms of a common unit. For
example, a nucleic acid can be radioactively labeled at one
nucleotide position and another nucleic acid can be radio-
actively labeled at three nucleotide positions. The radioac-
tive particles emitted by each nucleic acid can be detected
and quantified, for example in a scintillation counter, and
displayed as the number of counts per minute (cpm). The
nucleic acid labeled at three positions will emit about three
times the number of radioactive particles as the nucleic acid
labeled at one position and hence about three times the
number of cpms will be recorded.

As used herein, the term “dendrimer” is intended to mean
a branched nucleic acid. These structures are composed of
layers of nucleic acid, each layer being composed of par-
tially single-stranded heteroduplexes which are called den-
drimer monomers. The outermost layer of a given dendrimer
can have multiple single-stranded arms capable of hybrid-
ization with a complementary nucleic acid sequence. Den-
drimer monomers have the property that sequential addition
of monomers yields a three-dimensional structure composed
of nucleic acid. Various configurations of nucleic acid mol-
ecules can give rise to a large number of differently shaped
dendritic structures. For example, using commercially avail-
able dendrimeric synthons, a dendrimer with 1 stem and 81
branches can be synthesized. Also fork-like, comb-like and
bubbled structures are possible.

As used herein, the term “nucleic acid” is intended to
mean a single- or double-stranded DNA or RNA molecule
including, for example, genomic DNA, cDNA and mRNA.
The term is intended to include nucleic acid molecules of
both synthetic and natural origin. A nucleic acid molecule of
the invention can be of linear, circular or branched configu-
ration, and can represent either the sense or antisense strand,
or both, of a native nucleic acid molecule. A nucleic acid
molecule of the invention can further incorporate a detect-
able moiety such as a radiolabel, a fluorochrome, a ferro-
magnetic substance, a luminescent tag or a detectable moi-
ety such as biotin.
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As used herein, the term “hybridizing” is intended to
mean joining different components together. Any number of
components can be joined together, for example two com-
ponents can be joined together to make a duplex, three
components can be joined together to make a triplex, and so
on. Nucleic acids can form a hybrid or duplex, for example,
by hydrogen bonding between complementary nucleotides.
The formation of nucleic acid hybrids is dependent on
several conditions known in the art, including temperature,
salt concentration, and pH.

As used herein, “complexity” refers to the degree of
repeated elements between two nucleic acids that are being
hybridized together in a solution (see Anderson, M. L. M.,
Nucleic Acid Hybridization, Springer-Verlag, New York
(1999)). When the nucleic acid molecules that are to be
hybridized contain repeated core elements or homopoly-
meric regions, there are many possible pairing opportunities
and so the hybridization proceeds quickly. When the nucleic
acid molecules that are to be hybridized do not contain any
repeated core elements then there is only one way that the
two sequences can be hybridized and so the hybridization
proceeds more slowly. Sequences that hybridize quickly are
said to have a low complexity, while sequences that take
longer to hybridize have a higher complexity. For example,
a 40 base pair genedigit sequence made up of five direct
repeats of an 8 base pair core element, can be hybridized to
a 24 base pair anti-genedigit containing three repeats of the
8 base pair core repeat in three different registers (see, for
example, FIG. 1C). Thus the anti-genedigit can hybridize to
the 40 base pair genedigit through a 24 base pair sequence
that only has a complexity of an 8 base pair sequence.

The invention provides a diverse population of labels and
methods for generating a large number of unique labels of
about the same unit signal starting from just a small number
of different labels. Enough labels are generated by this
method so that each analyte in a complex mixture can be
uniquely bound by a label and thus identified. These labels
can be used in very small volumes which improves kinetics
in the binding reaction. In addition, the design of these labels
allows for improved accuracy in detection.

Alarge diversity of unique labels can be desirable in order
to provide a unique label to each species in a complex
mixture. The invention provides methods for combining
different labels in pre-determined ratios to generate a large
diversity of unique labels. The labels are designed in a
modular fashion which allows for flexibility in the number
of unique labels that are generated. For example, if a large
number of modules are used, a large number of ratios of the
different labels is possible which leads to a large number of
unique labels. The number of labels generated can be
adjusted to cover mixtures with different numbers of species.

The invention provides a diverse population of labels that
contains thirty or more unique labels where each unique
label is bound to a nucleic acid. A diverse population of
labels is a mixture of distinct label species. This population
can have as few as about thirty distinct label species or as
high as 10*7 distinct label species. The actual number of
molecules of each label species can vary as long as at least
one molecule of the label species is present. In addition, the
invention provides a diverse population of labels that con-
tains 40, 60, 80, 100, 120, 140, or about 150 unique labels.
A portion of this population can be made up of different
individual label monomers. The invention also provides
unique labels made from combinations of different labels
which can increase the number of unique labels substan-
tially.
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The labels of the invention are bound to nucleic acids. In
particular, the labels are bound to nucleic acids through the
attachment of a label monomer to a nucleotide within a
nucleic acid in a 1:1 correspondence. A nucleic acid can
contain several label monomers, however each label mono-
mer is attached directly to a nucleotide.

A label monomer can be attached to any nucleotide
including both natural and non-natural nucleotides. A
nucleotide contains three parts, a phosphate group, a pentose
five-carbon sugar molecule, and an organic base. In RNA,
the pentose is ribose and in DNA it is deoxyribose and so
nucleotides for incorporation into RNA are called ribonucle-
otides and nucleotides for incorporation into DNA are called
deoxyribonucleotides. Three bases adenine, guanine, and
cytosine are found in both DNA and RNA while thymine is
normally found only in DNA and uracil is normally found
only in RNA. Nucleotides can have one, two or three
attached phosphate groups and are sometimes referred to as
nucleoside phosphates. Nucleotides can contain modified
nucleosides having modified bases (e.g., 5-methyl cytosine)
and modified sugar groups (e.g., 2'O-methyl ribosyl, 2'O-
methoxyethyl ribosyl, 2'fluoro ribosyl, 2'amino ribosyl, and
the like). An example of non-natural bases that are used in
the art are isocytidine and isoguanine.

A label monomer as used herein is intended to mean an
individual measurable moiety, such as a radioisotope, fluo-
rochrome, dye, enzyme, nanoparticle, chemiluminescent
marker, biotin, or other moiety known in the art that is
measurable by analytical methods. A label monomer can be
attached to a nucleotide using methods well known in the art
and exemplified herein.

Radioisotopes are an example of label monomers that can
be utilized by the invention. Several radioisotopes can be
used as label monomers for labeling nucleotides including,
for example, **P, **P, °S, *H, and '*°1. These radioisotopes
have different half-lives, types of decay, and levels of energy
which can be tailored to match the needs of a particular
experiment. For example, *H is a low energy emitter which
results in low background levels, however this low energy
also results in long time periods for autoradiography. Radio-
actively labeled ribonucleotides and deoxyribonucleotides
are commercially available. Nucleotides are available that
are radioactively labeled at the first, or ., phosphate group,
or the third, or vy, phosphate group. For example, both
[-*2P]dATP and [y-**P]dATP are commercially available.
In addition, different specific activities for radioactively
labeled nucleotides are also available commercially and can
be tailored for different experiments.

Another example of label monomers that can be utilized
by the invention are fluorophores. Several fluorophores can
be used as label monomers for labeling nucleotides includ-
ing, for example, fluorescein, tetramethylrhodamine, and
Texas Red. Several different fluorophores are known, and
more continue to be produced, that span the entire spectrum.
Also different formulations of the same fluorophore have
been produced for different applications. For example, fluo-
rescein, can be used in its isothiocynanate form (FITC), as
mixed isomer or single isomer forms of carboxyfluorescein
succinimidyl ester (FAM), or as isomeric dichlorotriazine
forms of fluorescein (DTAF). These labels are chemically
distinct, but all emit light with a peak between 515-520 nm.
In addition to the chemical modifications of fluorescein,
completely different fluorophores have been synthesized
that have the same or very similar emission peaks as
fluorescein. For example, the Oregon Green dye has virtu-
ally superimposable excitation and emission spectra com-
pared to fluorescein. Other fluorophores such as Rhodol
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Green and Rhodamine Green are only slightly shifted in
their emission peaks and so also serve functionally as
substitutes for fluorescein. In addition, different formula-
tions or related dyes have been developed around other
fluorophores that emit light in other parts of the spectrum.

Amine-reactive and thiol-reactive fluorophores are avail-
able and used for labeling nucleotides and biomolecules.
Generally, nucleotides are fluorescently labeled during
chemical synthesis, for example, incorporation of amines or
thiols during nucleotide synthesis permit addition of fluo-
rophores. Fluorescently labeled nucleotides are commer-
cially available. For example, uridine and deoxyuridine
triphosphates are available that are conjugated to ten differ-
ent fluorophores that cover the spectrum.

Fluorescent dyes that can be bound directly to nucleotides
can also be utilized as label monomers. For example, FAM,
JOE, TAMRA, and ROX are amine reactive fluorescent dyes
that have been attached to nucleotides and are used in
automated DNA sequencing. These fluorescently labeled
nucleotides, for example, ROX-ddATP, ROX-ddCTP, ROX-
ddGTP and ROX-ddUTP, are commercially available.

Non-radioactive and non-fluorescent label monomers are
also available. For example, biotin can be attached directly
to nucleotides and detected by specific and high affinity
binding to avidin or streptavidin which has been chemically
coupled to an enzyme catalyzing a colorimetric reaction
(such as phosphatase, luciferase, or peroxidase). Digoxi-
genin labeled nucleotides can also similarly be used for
non-isotopic detection of nucleic acids. Biotinylated and
digoxigenin-labeled nucleotides are commercially available.

Very small particles, termed nanoparticles, also can be
used as label monomers to label nucleic acids. These par-
ticles range from 1-1000 nm in size and include diverse
chemical structures such as gold and silver particles and
quantum dots.

When irradiated with angled incident white light, silver or
gold nanoparticles ranging from 40-120 nm will scatter
monochromatic light with high intensity. The wavelength of
the scattered light is dependent on the size of the particle.
Four to five different particles in close proximity will each
scatter monochromatic light which when superimposed will
give a specific, unique color. The particles are being manu-
factured by companies such as Genicon Sciences. Deriva-
tized silver or gold particles can be attached to a broad array
of molecular probe molecules including, proteins, antibod-
ies, small molecules, receptor ligands, and nucleic acids. For
example, the surface of the particle can be chemically
derivitized to allow attachment to a nucleotide.

Another type of nanoparticle that can be used as a label
monomer are quantum dots. Quantum dots are fluorescing
crystals 1-5 nm in diameter that are excitable by a large
range of wavelengths of light. These crystals emit light, such
as monochromatic light, with a wavelength dependent on
their chemical composition and size. Quantum dots such as
CdSe, ZnSe, InP, or InAs possess unique optical properties.
These particles have been used in the semi-conductor indus-
try for several years, but are just now being applied to
molecular biology applications.

Many dozens of classes of particles can be created accord-
ing to the number of size classes of the quantum dot crystals.
The size classes of the crystals are created either 1) by tight
control of crystal formation parameters to create each
desired size class of particle, or 2) by creation of batches of
crystals under loosely controlled crystal formation param-
eters, followed by sorting according to desired size and/or
emission wavelengths. Use of quantum dots for labeling
particles, in the context of the present invention, is new, but
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is old in the art of semiconductors. Two examples of earlier
references in which quantum dots are embedded within
intrinsic silicon epitaxial layers of semiconductor light emit-
ting/detecting devices are U.S. Pat. Nos. 5,293,050 and
5,354,707 to Chapple-Sokol, et al.

Due to their very small size the quantum dots can be
coupled into oligonucleotides directly without affecting the
solubility or use of the oligonucleotide. The invention
requires that only one oligonucleotide molecule is coupled
to each nanoparticle. To synthesize an oligonucleotide-
nanoparticle complex in a 1:1 ratio by conventional batch
chemistry, both the oligonucleotide and the nanoparticle
require a single reactive group of different kinds that can be
reacted with each other. For example, if an oligonucleotide
has an amino group and a nanoparticle has an aldehyde
group, these groups can react to form a Schiff base. An
oligonucleotide can be derivitized to attach a single amino or
other functional group using chemistry well known in the
art. However, when a nanoparticle is derivatized, it is
covered with a chemical reagent which results in coating the
entire surface of the nanoparticle with several functional
groups.

The invention provides a method of coupling one oligo-
nucleotide to one nanoparticle by chemically coupling the
oligonucleotide on a solid surface such as the glass support
used for the oligonucleotide synthesis. For example, com-
mercially available resins for oligonucleotide synthesis such
as long chain alkylamino controlled pore glass (lcaa CPG)
can be used. Alternatively, a flat surface such as a derivitized
microscope slide can be used. The surface density of the
nascent oligonucleotide chains should be lower than the
diameter of the nanoparticle. This can be achieved by either
choosing a glass support with low surface density of the
reactive groups, or by using diluted reagent for the first step
of the oligonucleotide synthesis so that the surface is not
saturated. Another point of consideration when using the
standard glass matrices for oligonucleotide synthesis is to
use a pore diameter higher than the nanoparticle diameter to
ensure the flow of the reagents. For example, an oligonucle-
otide can be synthesized on a diluted basis relative to the
solid support, for example one tenth of a normal synthesis,
to ensure good spacing of the oligonucleotides on the glass
support. After the oligonucleotide is synthesized with a
reactive functional group, for example, an amino group,
derivitized nanoparticles are passed over the glass support to
react with the oligonucleotides. A sufficiently large pore size
of the glass support can be chosen to prevent clogging with
nanoparticles. For example, a pore size of about 200 nm can
be used. After the reaction is complete, un-reacted groups on
the nanoparticle can be blocked and the complexes can be
uncoupled from the glass support.

The labels of the invention are bound to nucleic acids
through nucleotides in the nucleic acid. A nucleotide can be
attached to a label monomer first and then the label mono-
mer:nucleotide can be incorporated into a nucleic acid, or an
existing nucleic acid can be labeled by attaching a label
monomer to a nucleotide within the nucleic acid.

A label monomer can be attached to a nucleotide using a
variety of methods well known in the art and described
herein. For example, the label monomer can be directly
attached to the nucleotide in a 1:1 correspondence by
incorporation of a radioactive phosphate into the phosphate
backbone of the nucleotide. Also, for example, a general
method for labeling phosphates with a fluorescent label that
employs an imidazole derivative prepared from a BODIPY
FL hydrazide has been reported (Wang and Giese, Anal.
Chem. 65: 3518 (1993).
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Depending on the labeling moiety used, it can be desirable
to derivitize or chemically modify a nucleotide in order to
bind the label monomer. These methods and chemistries are
known in the art. In addition, a linker can be used to attach
a label monomer to a nucleotide in a 1:1 correspondence.
For example, a fluorescently labeled nucleotide such as
fluorescein-12-dUTP can have a fluorophore monomer
attached via a four-atom aminoalkynyl group to the dUTP
molecule.

These nucleotides attached to label monomers can be
incorporated into a nucleic acid using several methods for
labeling nucleic acids well known in the art. For example,
enzymes such as DNA or RNA polymerases, Taq poly-
merases, terminal deoxynucleotidyl transferases, or reverse
transcriptases can be used to incorporate labeled nucleotides
into nucleic acids.

Labeled nucleotides can be incorporated into nucleic
acids, for example, by nick translation. In this procedure
DNAse 1 is used to create single-strand nicks in double
stranded DNA and then the 5' to 3' exonuclease and 5' to 3'
polymerase actions of E. col/i DNA polymerase I are used to
remove stretches of single stranded DNA starting at the
nicks and replace them with new strands made by incorpo-
ration of labeled nucleotides. Nick translation can utilize any
labeled nucleotide including radioactively labeled nucleo-
tides and biotinylated or digoxigenin labeled nucleotides. In
a similar way T4 DNA polymerase can be used to incorpo-
rate labeled nucleotides. In addition, labeled nucleotides can
be incorporated into nucleic acids using the polymerase
chain reaction (PCR) and Taq polymerases. The degree of
labeling can be controlled by including one, or up to all four
labeled nucleotides. In addition, the degree of labeling can
be controlled by increasing or decreasing the concentration
of the labeled nucleotide(s).

Other methods for labeling nucleic acids include gener-
ating single-stranded cDNA from RNA by using a reverse
transcriptase in the presence of labeled nucleotides. In
addition, DNA can be cloned into a vector with SP6 or T7
polymerase sites. Transcription in the presence of SP6 or T7
RNA polymerase and labeled nucleotides results in a labeled
RNA transcript. The transcript can be labeled to different
degrees by including one or more labeled nucleotides. In
addition, several nucleotides within a nucleic acid can be
labeled, for example, by cloning DNA into a bacteriophage
M13 based vector. Then the Klenow fragment of DNA
polymerase I and the M13 universal probe primer can be
used to synthesize the complementary stand with incorpo-
ration of labeled nucleotides.

Several methods are described above for incorporation of
labeled nucleotides into newly synthesized nucleic acids.
Existing nucleic acids can also be labeled using several
methods known in the art. For example, RNA or DNA can
be end-labeled with [.gamma.-.sup.32P]ATP and T4 poly-
nucleotide kinase. This kinase can be used to transfer the
radioactive phosphate of ATP to a free 5' OH group in either
DNA or RNA. The enzyme also has a phosphatase activity
and so two reactions are possible. In the forward reaction,
the enzyme catalyzes phosphorylation following removal of
5' terminal phosphates with alkaline phosphatase (or other
phosphatase). In the exchange reaction, the kinase catalyzes
the exchange of an existing 5' phosphate with the third or
.gamma. phosphate of ATP. The latter reaction is carried out
in the presence of excess ATP and ADP for efficient phos-
phorylation. Using this method the radioactive phosphate of
ATP is transferred to the end of the nucleic acid molecule.

Nucleic acids can also be labeled with terminal deoxy-
nucleotidyl transferase which adds labeled nucleotides onto
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the 3' end of DNA fragments. Both single and double-
stranded DNAs are substrates for this enzyme. The large
(Klenow) fragment of E. coli DNA polymerase I can also be
used to label the ends of nucleic acids. Since this enzyme has
a 5' to 3' polymerase activity it can be use to “fill in” the 3'
ends of DNA fragments opposite of 5' extensions or over-
hangs with labeled nucleotides. End-labeling of nucleic
acids using polynucleotide kinase or terminal deoxynucle-
otidyl transferase results in the incorporation of one label per
nucleic acid. The “fill in” reaction can be used to label the
nucleic acid at one nucleotide per nucleic acid or at more
than one nucleotide per nucleic acid.

In addition, nucleic acids can be labeled by modification
of nucleotides within the nucleic acid. For example, cytidine
residues in DNA and RNA can be modified by reaction with
sodium bisulfite to form sulfonate intermediates that can
then be directly coupled to hydrazides or aliphatic amines.
Virtually any of the fluorescent, biotin or other hydrazides or
aliphatic amines can be used in this reaction. The bisulfite-
activated cytidylic acid can also be coupled to aliphatic
diamines such as ethylenediamine. The amine-modified
DNA or RNA can then be modified with any of the amine-
reactive dyes. In addition, phosphate groups can be targeted
in nucleic acids for labeling. Although phosphate groups of
nucleotides are not very reactive in aqueous solution, their
terminal phosphate groups can react with carbodiimides and
similar reagents in combination with nucleophiles to yield
labeled phosphodiesters, phosphoramidates and phosphoro-
thioates. For example, DNA can be reacted quantitatively
with carbonyl diimidazole and a diamine such as ethylene-
diamine to yield a phosphoramidate that has a free primary
amine and that this amine can then be modified with
amino-reactive reagents. Fluorescent or biotinylated amines
have been coupled to the 5' phosphate of tRNA using
dithiodipyridine and triphenylphosphine.

The bond between labels and nucleic acids can be cova-
lent bonds or non-covalent bonds that are stable to hybrid-
ization and washing conditions. The labels can be bound to
a nucleic acid in a sequence specific manner, for example by
the incorporation of a labeled nucleotide into DNA that has
been digested by a restriction enzyme. Alternatively the
labels can be bound to a nucleic acid in a non-sequence
specific manner, for example by the incorporation of a label
onto the terminal phosphate of a nucleic acid using [y->P]
ATP and T4 polynucleotide kinase.

Several types of nucleic acids can be utilized with this
invention including a single- or double-stranded DNA or
RNA molecule which can include, for example, genomic
DNA, ¢cDNA and mRNA. Nucleic acid molecules of both
synthetic and natural origin can be used. A nucleic acid
molecule of the invention can be of linear, circular or
branched configuration, and can represent either the sense or
antisense strand, or both, of a native nucleic acid molecule.
Nucleotide bases not found in nature such as isocytidine and
isoguanine can be incorporated into the nucleic acid.

Labels can bind to nucleic acids in a number of diverse
ways. For example, a particular label monomer can be
bound to a nucleic acid at only one position in the nucleic
acid or at many positions in the nucleic acid. In addition, a
particular label monomer can be bound to a nucleic acid and
one or more other label monomers can also bound to the
same nucleic acid. In this case the label can contain a
mixture of two or more different labels. Furthermore,
nucleic acids labeled with any or all of these combinations
can be bound to another nucleic acid through hybridization.

Additional diversity is introduced when the nucleic acid is
branched. One example of a branched nucleic acid is a
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dendrimer. Dendrimers are composed of layers of nucleic
acid, each layer being composed of partially single-stranded
heteroduplexes yielding a three-dimensional structure com-
posed of nucleic acid. Various configurations of nucleic acid
molecules can give rise to a large number of differently
shaped dendritic structures including, for example, a den-
drimer with 1 stem and 81 branches, or dendrimers with
fork-like, comb-like or bubbled structures. The outermost
layer of a given dendrimer can have multiple single-stranded
arms capable of hybridization with a complementary nucleic
acid sequence. Due to the relatively large size of nucleic acid
molecules, nucleic acid dendrimers can contain numerous
labels with limited steric hindrance. Use of dendrimers can
multiply the signal generated by a labeled nucleic acid by a
pre-determined factor equal to the number of branches.

Several unique combinations of labels can be formed
using branched nucleic acids. For example, by using differ-
ent chemical protective groups, one label monomer can bind
to one branch while one or more other label monomers bind
to other branches. Furthermore, labeled nucleic acids can be
attached in various combinations to the branches of a
dendrimer through hybridization.

The invention provides a diverse population of 30, or
about 40, 60, 80, 100, 120, 140, or 150 unique labels bound
to a nucleic acid. Part of this population can be made up of
different individual label monomers. The invention also
provides unique labels made from a combination of two or
more different labels. This can increase the number of
unique labels substantially.

A unique label is a label that generates a signal that is
distinguishable from other labels in the same mixture.
Therefore, designation as a unique label is dependent upon
the sensitivity of the detection equipment that is used. For
example, where fluorescent or nanoparticle labels are used a
CCD camera can be used to detect the labels. The sensitivity
of this equipment depends on the manufacturer, model, and
design of the equipment. In addition, several parameters can
be set by the user in order to achieve maximum sensitivity.
For example, the use of different filter sets can increase the
sensitivity of detection for certain experiments.

The ability to distinguish different labels also depends on
the particular properties of the label. For example, some
fluorophores emit light within a broad peak or range of
wavelengths while other fluorophores emit light within a
narrow peak. Fluorophores that emit light within a broad
peak can obscure neighboring peaks. In addition, the shapes
of'the emission peaks from different fluorophores varies. For
example, some fluorophores have a peak that has a sharp
ascent, but a broad trailing end that can obscure neighboring
peaks. If two peaks cannot be distinguished then the two
labels associated with those peaks cannot be considered
unique. Where fluorescent labels are used, the labels would
emit fluorescent light at distinct, essentially non-overlapping
wavelengths distant from each other by at least 1 nm, 5 nm,
10 nm, 15 nm, 20 nm, 25 nm, and preferably 30 nm, 35 nm,
40 nm, 45 nm, and more preferably by at least 50 nm. For
example, the emission peak of dye #1 could be 585 nm, and
the peak emission of dye #2 could be 630 nm.

A unique label is a label that generates a signal that is
distinguishable from other labels in the same mixture. A
unique label, therefore, is dependent on the other labels that
are included in the mixture. For example, fluorescein which
has an emission spectra peak at 518 nm and rhodamine red
with an emission spectra peak of 590 nm have clearly
distinct emission peaks and hence both are considered to be
unique labels when included together in a mixture. However,
if another fluorophore is added that has an emission peak
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that overlaps with fluorescein or rhodamine red, these labels
would not be unique. For example, if Oregon green (emis-
sion spectra peak 522 nm) is added to the above mixture the
emission peak of fluorescein and Oregon Green can overlap
so much that, depending on the detection equipment used,
they cannot be clearly distinguished from each other and
hence neither fluorescein nor Oregon Green can act as
unique labels in that particular mixture.

Often several formulations of the same label or related
labels are synthesized for use in different applications, and
while these labels have different chemical properties, they
are not distinct in terms of detection. For example, fluores-
cein, can be used in its isothiocynanate form (FITC), as
mixed isomer or single isomer forms of carboxyfluorescein
succinimidyl ester (FAM), or isomeric dichlorotriazine
forms of fluorescein (DTAF). These labels are chemically
distinct, but all emit light with a peak between 515-520 nm
and hence would overlap so as to appear identical on most
currently available detection equipment. In addition to the
chemical modifications of fluorescein, completely different
fluorophores have been synthesized that have the same or
very similar emission peaks as fluorescein. For example, the
Oregon Green dye has virtually superimposable excitation
and emission spectra compared to fluorescein. Other fluo-
rophores such as Rhodol Green and Rhodamine Green are
only slightly shifted in their emission peaks and so also serve
functionally as substitutes for fluorescein.

A limited number of different label monomers are known
that can be used together in a mixture and still provide
unique signals. For example, five analytes can be distinctly
labeled using the BODIPY fluorophore set from Molecular
Probes (Eugene, Oreg.). These fluorophores have the fol-
lowing distinct emission peaks: BODIPY FL(513),
BODIPY R6G (550), BODIPY TMR (574), BODIPY 581/
591 (592) and BODIPY TR (617). In order to obtain clear
results using currently available detection equipment, the
number of different fluorophores that can be used is less than
thirty.

Unique labels of the invention also can be generated by
combining two or more different label monomers to make a
new label. The signal from the resulting label must be
distinguishable from the signals of other labels used in the
same experiment in order to be a unique label. For example,
a nucleic acid labeled with both fluorescein and rhodamine
will emit light at a different wavelength than a nucleic acid
labeled with either fluorescein or rhodamine alone.

In this invention, various ratios of different label mono-
mers bound to nucleic acids can be combined to generate a
diverse population of unique labels that can include up to
10'7 or more unique labels. For example, a nucleic acid
labeled with two fluorescein labeled nucleotides and three
rhodamine labeled nucleotides will emit light at a different
wavelength compared to a nucleic acid labeled with three
fluorescein nucleotides and two rhodamine nucleotides. In
another example, a nucleic acid could be labeled with
different ratios of three or more label monomer:nucleotides
which greatly increases the variety of unique labels that can
be generated.

The signal generated by each of the label monomers
bound to the nucleotides can be normalized to have about the
same unit signal. For example, if fluorescent monomer A is
known to emit a different quanta of light as fluorescent
monomer B, the signal from unique labels that contain a
pre-determined number of these monomers can be normal-
ized based on the known signal properties of the label
monomers and the number of each monomer present in the
unique label. Different numbers of labels can be used in the
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invention and so different multiples of the same unit signal
can be utilized by the invention. For example, a nucleic acid
can be labeled with two fluorophores and another nucleic
acid can be labeled with six fluorophores. The second
nucleic acid will have three times the signal of the first
nucleic acid. Since the number of label monomers attached
to each nucleic acid is known, the signals from the labeled
nucleic acids can be normalized based on the number of
label monomers present. For example, the signal from the
nucleic acid with six fluorophores can be divided by three
which normalized the signal relative to the signal from the
nucleic acid with two fluorophores.

This method of producing labels results in important
advantages over existing techniques such as microarray
formats. Since each analyte is uniquely identified by a label
with about the same unit signal, it allows the labels to be
directly counted resulting in a digital read-out of each
molecular species in a mixture. In contrast, microarray data
must undergo several intermediate transformations to quan-
titate the number of molecules which results in a less precise
analog output. In addition, using a diversity of labels with
the same unit signal allows the detection method to operate
in a narrow dynamic range resulting in improved sensitivity
of the system since the trade-off between sensitivity and
dynamic range is avoided.

The invention provides a diverse population of uniquely
labeled probes. This population of probes contains about 30
or more target specific nucleic acid probes each attached to
a unique label bound to a nucleic acid. In addition, the
invention provides a diverse population of uniquely labeled
probes containing a diversity of 50, 100, 200, 500, 1,000,
2,000, 5,000, 1x10%, 3x10* and about 1x10° or more differ-
ent labels. As described above, these unique labels can
contain a mixture of two or more different labels and
comprise about the same unit signal or multiple thereof.

The invention provides a diverse population of uniquely
labeled probes in which a target specific nucleic acid con-
tains a nucleic acid bound to a unique label. In addition, the
invention provides a diverse population of uniquely labeled
probes containing two attached populations of nucleic acids,
one population of nucleic acids containing thirty or more
target specific nucleic acid probes, and a second population
of nucleic acids containing a nucleic acid bound by a unique
label.

A target specific probe is intended to mean an agent that
binds to the target analyte selectively. This agent will bind
with preferential affinity toward the target while showing
little to no detectable cross-reactivity toward other mol-
ecules.

The target analyte can be any type of macromolecule,
including a nucleic acid, a protein or even a small molecule
drug. For example, a target can be a nucleic acid that is
recognized and bound specifically by a complementary
nucleic acid including for example, an oligonucleotide or a
PCR product, or a non-natural nucleic acid such as a locked
nucleic acid (LNA) or a peptide nucleic acid (PNA). In
addition, a target can be a peptide that is bound by a nucleic
acid. For example, a DNA binding domain of a transcription
factor can bind specifically to a particular nucleic acid
sequence. Another example of a peptide that can be bound
by a nucleic acid is a peptide that can be bound by an
aptamer. Aptamers are nucleic acid sequences that have
three dimensional structures capable of binding small
molecular targets including metal ions, organic dyes, drugs,
amino acids, co-factors, aminoglycosides, antibiotics,
nucleotide base analogs, nucleotides and peptides (Jayasena,
S. D., Clinical Chemistry 45:9, 1628-1650, (1999)) incor-

10

15

20

25

30

35

40

45

50

55

60

65

16

porated herein by reference. Further, a target can be a
peptide that is bound by another peptide or an antibody or
antibody fragment. The binding peptide or antibody can be
linked to a nucleic acid, for example, by the use of known
chemistries including chemical and UV cross-linking
agents. In addition, a peptide can be linked to a nucleic acid
through the use of an aptamer that specifically binds the
peptide. Other nucleic acids can be directly attached to the
aptamer or attached through the use of hybridization. A
target molecule can even be a small molecule that can be
bound by an aptamer or a peptide ligand binding domain.

The invention provides a method of producing a popula-
tion of labels consisting of synthesizing a population of
nucleic acids bound to a predetermined ratio of at least two
different labels. The method involves incorporating labeled
nucleotides into a repeated nucleic acid structure using a
DNA polymerase. The repeated nucleic acid structures can
be designed to allow incorporation of a pre-determined ratio
of labels. Using this method several unique labels can be
generated from a small number of starting labels.

A specific example of this method where ten unique labels
are made from two different labels is provided in Example
1. Briefly, ten unique templates of a 220 base pair single-
stranded DNA are synthesized. The templates consist of a
pre-determined ratio of the following 20 base pair repeats
where n+m=11:

(SEQ ID NO: 1) 5 (ACTCTCTCTCTCTCTCTCTC)n
(GCTCTCTCTCTCTCTCTCTC)m 3' (SEQ ID NO: 2). The
second strand is synthesized using the primer GAGAGA-
GAGA (SEQ ID NO: 3), Klenow polymerase, DNA ligase,
dGTP, DATP, and dCTP and dUTP each labeled with a
different fluorophore. The labeled nucleotides will be incor-
porated into the DNA in a unique ratio determined by the
ratio of the two repeats. In this example, the end result is ten
uniquely labeled nucleic acids where the set ratio of the two
fluorophores is 1:10, 2:9, 3:8, 4:7, 5:6, 6:5, 7:4, 8:3, 9:2, and
10:1.

In Example 1, two different labels resulted in ten unique
labels. Using the same protocol, three different labels would
result in 30 unique labels, four different labels would result
in 60 unique labels, five different labels would result in 100
unique labels, and so on. Several variations of the method
will be apparent to one skilled in the art. For example, the
number of repeats can be changed to be less than or greater
than ten. An increased number of repeats will increase the
number of unique ratios possible. This will result in an
increase in the number of unique labels that can be generated
from the same number of starting different labels. Also in
Example 1, the ratio between the two fluorophores can
include 0:11 and 11:0 which results in two additional labels
that contain one fluorophore or the other.

One skilled in the art will recognize that the sequence of
the templates can differ from that shown above. For
example, the repeat sequence in the template can be (GA),
instead of (CT),,. In addition, the repeat sequence could be
a single nucleotide homopolymer such as (A),. With a
homopolymer template, three labeled nucleotides can be
incorporated in different ratios thus increasing the number of
unique labels that can be generated. It is possible using the
claimed method to generate a large number of unique labels
including 40, 60, 80, 100, 120, 140, 150, 200, 500, 2,000,
5,000, 1x10* 3x10%, 1x10° or more labels. Again as
described above, these unique labels can comprise about the
same unit signal or multiple thereof.

Another possible modifications of the method is to change
the length of the repeat, for example, to less than or greater
than 20 base pairs. The repeat serves to separate the labeled
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nucleotides and therefore to decrease possible interference
between the labels. In the case of a fluorescent label, this can
decrease quenching between fluorophores. In addition, the
protocol for incorporating the labeled nucleotides into the
DNA can be modified as would be clear to one skilled in the
art and as described herein.

In one embodiment, the labeled DNA described above can
be attached to a dendrimer. Oligonucleotide tags can be
synthesized at the branches of the dendrimer to allow
binding of the labeled DNA. For example, a linker can be
attached to the labeled DNA described above that corre-
sponds to an oligonucleotide tag on the branches of the
dendrimer. Several types of linkers are known to one skilled
in the art. For example, a restriction enzyme linker can be
attached to the labeled DNA. These linkers are double-
stranded oligonucleotides that contain the recognition
sequence of a particular restriction enzyme. These linkers
can be ligated onto double-stranded DNA using a DNA
ligase and digested using the appropriate restriction enzyme.
The result is an overhanging single stranded sequence that is
available to hybridize to another nucleic acid.

The labeled DNA described above can be directly
attached to a target specific probe. In addition, the labeled
DNA can be indirectly attached to a target specific probe, for
example, through use of a bridging nucleic acid. One or
more of these labels can be attached to each target specific
probe. Binding of a uniquely labeled target specific probe to
a target analyte results in the unique tagging of that analyte.
This tagging allows identification of the target analyte from
a mixture of analytes.

The number of unique labels can be further increased by
combining the unique labels described above in different
combinations. The invention provides a method of attaching
a label to a nucleic acid probe, comprising hybridizing a
nucleic acid probe having a genedigit to an anti-genedigit
having a label. The anti-genedigits that contain the labels
described above are hybridized to genedigits. Genedigits can
be linked together in unique combinations creating an even
larger number of unique labels. The modular design of the
genedigits allows for flexibility in the number of unique
labels that are generated. For example, if a large number of
genedigit modules are used, a large number of unique
templates will be available for attachment of unique labels.
The number of templates generated can be adjusted to cover
the number of species in the mixture.

A genedigit can be a region of pre-determined nucleotide
or amino acid sequence that serves as an attachment point
for a label. The genedigit can have any sequence including,
for example, a single unique sequence or a sequence con-
taining repeated core elements. However, each genedigit has
a unique sequence which differentiates it from other gene-
digits. When added to a complex mixture of targets, a
nucleic acid genedigit can contain non-natural bases such as
isocytidine and isoguanine which can reduce hybridization
to naturally occurring target sequences. The sequence,
length of a core element, and number of repeated core
elements can be varied according to the particular require-
ments of an experiment and will be clear to one skilled in the
art. For example, a nucleic acid core element can be between
about 5 and 12 base pairs in length and the core element can
be repeated once to about ten times.

Different genedigits can be synthesized that have a core
unit that differs from the core units of other genedigits, for
example, by at least two bases. By combining these unique
genedigits in various combinations, a highly diverse number
of structures can be synthesized. For example, 50 genedigits
with unique sequences can be synthesized and split into five
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groups containing ten genedigits in each group. The gene-
digits of each group can be synthesized to have a short tag
on each end. One genedigit from each group is then linked
together using an adapter oligonucleotide that is compli-
mentary to the tags that are common for each group. In this
example, 1x10° (10x10x10x10x10) unique combinations
are possible.

Genedigits serve as attachment points for the unique
labels described above. Since genedigits can be linked
together in unique combinations this greatly increases the
number of unique labels. By linking together genedigits, a
large number of unique labels can be generated including
200, 500, 2,000, 5,000, 1x10%, 3x10*, 1x10° or more unique
labels.

The invention provides a method of attaching a label to a
nucleic acid probe, comprising hybridizing a nucleic acid
probe having a genedigit to an anti-genedigit having a label
where the genedigit comprises a set of three or more repeat
sequences, and the anti-genedigit comprises a cognate set of
at least two complimentary repeat sequences where the
anti-genedigit specifically hybridizes to the genedigit
through a sequence having a complexity less than the
number of hybridized base pairs.

An example of a nucleic acid genedigit is given in
Example 2. Briefly, in this example an eight base pair core
element containing the non-natural bases isocytidine and
isoguanine is repeated five times. This results in a 40 base
pair genedigit. In this example the anti-genedigit consists of
a sequence that is complimentary to three of the five core
elements in the genedigit. An anti-genedigit can contain the
same number, or a lesser number, of repeat sequences
compared to the genedigit as long as the anti-genedigit is
able to specifically bind to the genedigit. In this example, the
anti-genedigit is a 24 base pair sequence that can bind to the
40 base pair genedigit in three different registers (see FIG.
10).

The anti-genedigit in this specific example is a 24 base
pair sequence that only has the complexity of an eight base
pair sequence. Complexity refers to the degree of repeated
elements between two nucleic acids that are being hybrid-
ized together in a solution. When the nucleic acid molecules
that are to be hybridized contain repeated core elements or
homopolymeric regions, there are many possible pairing
opportunities and so the hybridization proceeds quickly.
When the nucleic acid molecules that are to be hybridized do
not contain any repeated core elements then there is only one
way that the two sequences can be hybridized and so the
hybridization proceeds more slowly. Sequences that hybrid-
ize quickly are said to have a low complexity, while
sequences that take longer to hybridize have a higher
complexity. In this example, a 40 base pair genedigit
sequence made up of five direct repeats of an 8 base pair core
element, can be hybridized to a 24 base pair anti-genedigit
containing three repeats of the 8 base pair core repeat in
three different registers. Thus the anti-genedigit can hybrid-
ize to the 40 base pair genedigit through a 24 base pair
sequence that only has a complexity of an 8 base pair
sequence. The advantage of this method is that hybridization
will proceed more quickly and efficiently.

In the specific example above, an 8 base pair core element
was describe; however, a core element can be more or less
than 8 base pairs. For example, a core element can be
between 5 and 12 base pairs. A change in the core element
of a repeat will correspondingly change complexity. For
example, if a core element is between 5 and 12 base pairs,
complexity will be between 5 and 12. In addition, an
anti-genedigit can bind to a genedigit using all or part of its
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sequence. In the example above, a 24 base pair anti-gene-
digit can bind to the genedigit with less than 24 bases, for
example, 15 to 23 base pairs.

The anti-genedigit serves as a connector between the
genedigit and the label. The genedigit is bound by the
anti-genedigit and the anti-genedigit is bound to a label
directly or indirectly by being bound to a dendrimer that has
a label(s) attached. The anti-genedigit also contains a linker
sequence that allows attachment to a dendrimer. For
example, an oligonucleotide tag can be synthesized at the
stem of a dendrimer that is complementary to the linker
sequence on the anti-genedigit. As described above, several
types of linkers can be used. In this way the repeat sequences
of the anti-genedigit are free to hybridize with their corre-
sponding genedigit resulting in the specific attachment of a
label to a genedigit.

Genedigits and anti-genedigits can be comprised of
nucleic acids, including aptamers, as well as macromol-
ecules other than nucleic acids. For example, a genedigit can
be comprised of an amino acid sequence that is bound by an
anti-genedigit that is a nucleic acid that binds specifically to
the amino acid sequence in the genedigit, or the anti-
genedigit can be an amino acid sequence, including an
antibody or antibody fragment, that specifically binds to the
amino acid sequence in the genedigit.

The invention provides for a method whereby a target
specific probe can be attached to one or more genedigits to
form a “specifier.” The genedigits can be directly linked or
can be attached to the target specific region using an
intervening or adapting sequence. As described above, the
target specific area can be a nucleic acid, including an
aptamer, or the target specific area can be an amino acid
sequence, including an antibody or antibody fragment. The
target specific area is designed to specifically bind an analyte
in a mixture. In this way an analyte can be labeled with a
unique label.

A specifier can contain one to several genedigits. For
example, a specifier can contain four or five or more
gendigits. The number of genedigits in a specifier will
determine the number of unique labels that are available to
bind to analytes in a mixture. Therefore, in order to label
each analyte in a complex mixture, a large population of
specifiers can be synthesized that contain several combina-
tions of genedigits. Alternatively, to label one or a small
number of analytes in mixture, a specifier or specifiers can
be synthesized that contain one or a few genedigits. In
addition, a specifier can contain a common tag such as a
biotin tag. These tags can facilitate synthesis and purification
of specifiers.

The invention additionally provides a method of produc-
ing a population of target specific nucleic acid probes. The
method consists of producing a first population of two or
more target specific probes each having at least one gene-
digit, where the genedigit contains a set of three or more
repeated sequences then producing a second population of
nucleic acids having an anti-genedigit with at least two
complimentary repeated sequences, and finally hybridizing
the first and second populations of nucleic acids to produce
a population of target specific probes attached to an anti-
genedigit where the anti-genedigit hybridizes to the gene-
digit through a sequence having a complexity less than the
number of hybridized base pairs.

The invention also provides a method for producing a
population of uniquely labeled nucleic acid probes. The
method consists of synthesizing a population of target
specific nucleic acid probes each having a different specifier;
then synthesizing a corresponding population of anti-gene-
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digits each having a unique label, and finally hybridizing the
populations of target nucleic acid probes to the anti-gene-
digits, to produce a population where each of the target
specific probes is uniquely labeled.

The invention further provides a method for detecting a
nucleic acid analyte, by contacting a mixture of nucleic acid
analytes with a population of target specific probes each
attached to a unique label under conditions sufficient for
hybridization of the probes to the target and measuring the
resulting signal from one or more of the target specific
probes hybridized to an analyte where the signal uniquely
identifies the analyte.

The nucleic acid analyte can contain any type of nucleic
acid, including for example, an RNA population or a popu-
lation of cDNA copies. The invention provides for at least
one target specific probe for each analyte in a mixture. The
invention also provides for a target specific probe that
contains a nucleic acid bound to a unique label. Further-
more, the invention provides two attached populations of
nucleic acids, one population of nucleic acids containing a
plurality of target specific nucleic acid probes, and a second
population of nucleic acids containing a nucleic acid bound
by a unique label. When the target specific probes are
attached to unique labels, this allows for the unique identi-
fication of the target analytes.

The methods of the invention are advantageous because
hybridizations can be performed in solution in a small
volume (0.01-2.0 ul) which ensures high concentration of
the nucleic acids which will drive the hybridization rate.
Two different types of hybridizations are utilized by the
methods of invention. The first hybridization is between a
complex mixture of analytes and the specifiers and the
second type of hybridization is between the specifiers and
the labels.

In the first type of hybridization between a complex
mixture of analytes and a population of specifiers, the
specifiers are in excess. For example, the specifiers can be in
10 to about 100 fold excess over the analytes in the complex
mixture. The kinetics of this reaction can be described by the
following equation:

N In2

F Ry e —
V2= 35x 103 x 195 x C

where N is the complexity of the probe (the specifiers), L.
is the length, C,, is the concentration of the probe, and t, 5 is
the time required for 50% completion of the reaction. Using
this equation it is clear that higher concentrations of probe
will result in shorter time required for 50% completion of the
reaction. The sample in this hybridization can be either RNA
or DNA. If the sample is not poly A RNA then it must first
be tagged by some method, for example, platinum-digoxy-
genin. After the hybridization is complete, the duplexes
containing the analyte and specifier are separated using the
poly A, or the digoxygenin tag as a handle and washed from
the excess specifier. The washed material is then used for the
second hybridization.

In the second hybridization the isolated specifiers are
mixed with labels. The labels are in excess over the speci-
fiers and the kinetics follow the same kinetics as shown
above for the first hybridization, and it is performed at an
even faster rate because the complexity, N, is very low. The
hybridized complexes containing specifiers and labels can
be isolated using a biotin tag on the specifiers as a handle and
processed further for detection.
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The formation of macromolecule hybrids is dependent on
several conditions known in the art, including temperature,
salt concentration, and pH. Different conditions for the
formation of nucleic acid hybrids are well known in the art
and can be found in, for example, Hames and Higgins,
Nucleic Acid Hybridisation: A Practical Approach, IRL
Press, Oxford (1991). In addition, conditions for nucleic
acid-protein and protein-protein interactions are well known
in the art and can be found in, for example, Current
Protocols in Molecular Biology (ed. Ausubel et al., Greene
Publ., New York 1989) which is incorporated herein by
reference.

The “specifier-label” complexes can be separated from
one another, for example, by spreading them on a two-
dimensional surface such as glass, or by splitting them in
liquid droplets in a flow cytometer. In this example, visu-
alization can be achieved either by scanning the 2-D surface
or by flow cytometry. Co-localization of specific labels will
determine the identity of the particular specifier, which will
determine the identity of the particular analyte that the
specifier bound initially.

The “specifier-label” complexes can be detected by vari-
ous devices including but not limited to visual inspection,
digital cameras, video cameras, photographic film, or the use
of current instruments such as laser scanning devices, fluo-
rometers, luminometers, photodiodes, quantum counters,
plate readers, epifluorescence microscopes, scanning micro-
scopes, confocal microscopes, or by other means for ampli-
fying the signal such as a photomultiplier tube or other light
detector capable of detecting the presence, location, inten-
sity, excitation and emission spectra, fluorescence polariza-
tion, fluorescence lifetime and other physical properties of
the fluorescent signal. Non-fluorescent signals can be
detected using a Geiger counter, scintillation counters,
chemiluminescence, enzyme assays, and autoradiography.

An example of a detection method that can be utilized by
the invention is a CCD (charge-coupled device) camera. Use
of this device requires that the specifier-label complexes are
first spread on a glass slide. Since all complexes will have
approximately the same total intensity this simplifies detec-
tion, because the camera can be adjusted for maximum
sensitivity (maximum gain) and minimum dynamic range.

For example, if fluorescent dendrimers are used for label-
ing the sample can be excited at the corresponding absorp-
tion maxima and scanned at the corresponding emission
maxima for each of the, for example, 8-10 fluorofors used.
A benefit of CCD cameras is that they have very wide range
of detection which allows for a choice of fluorofors with
distant emission peaks. Thinned layer CCD cameras can
detect from the soft X-ray to the near infrared spectrum.

Alternatively if nanoparticles labels are used the sample
can be illuminated by angled white light and detection
occurs at a few wavelengths. The number of wavelengths
will depend on the quality of the camera used and its
sensitivity and linearity. Cameras of good quality can repro-
ducible distinguish millions of colors with only the three
standard filters (red, green, and blue).

In the case of unique labels that contain more than one
label monomer, the overall signal generated by the unique
label can be determined. For example, an overall signal for
a unique label containing several fluorophores can be deter-
mined using a spectrometer. In addition to detecting an
overall signal generated from the unique label, the invention
provides for the determination of the spatial location of
starting labels (which can be label monomers or combina-
tions of label monomers) within a unique label. For
example, the labels within a unique label can be separated
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from one another using a flow-stretch technique (Henegariu
et al., Biotechniques 31:246-250 (2001)) a receding menis-
cus technique (Yokota et al., Nuc. Acids Res. 25:1064-1070
(1997)) or an electrostretching technique (Matsuura et al.,
Nuc. Acids Res. 29:E79 (2001)).

The use of flow-stretching, receding meniscus, or electro-
stretching techniques allows for the separation of the labels
within a unique label so that one can determine spatially
where a particular label is positioned in the unique label
(Example V, VI, VII and VIII). Therefore, unique labels that
have the same combination of starting labels and the same
overall signal can be differentiated from one another based
on the location of those labels within the unique label. This
ability to locate the position of a label within a unique label
allows for the position of the starting label to be used as a
distinguishing characteristic when generating a set of unique
labels. Hence, a complex set of unique labels can be gen-
erated using the same combination of starting labels by
varying the position of the labels within a unique label.

An observed signal can be modified using methods known
in the art. For example, an observed signal can include
subtraction of non-specific noise. An observed signal can
also include, for example, treatment of the measured quan-
tity by routine data analysis and statistical procedures which
allow meaningful comparison and analysis of the observed
values. Such procedures include, for example, normalization
for direct comparison of values having different scales, and
filtering for removal of aberrant or artifactual values.

In the first type of hybridization described above between
a complex mixture of analytes and a population of specifiers,
the specifiers were in excess. In contrast, hybridization on
standard microarrays occurs under conditions where the
analyte is in excess compared to the labeled probe. In
addition, on microarrays only a small fraction of this probe
will actually hybridize to the cognate target during the
course of the hybridization, and so target coverage at the end
of the experiment is usually less than 5%. The target
coverage using the methods of the invention are theoreti-
cally 100% because the label is in excess compared to the
target analyte.

One of the advantages of 100% target coverage is that this
allows the target analytes to be directly counted since each
analyte is bound by a label. Using the methods of the
invention, molecular species can be directly counted one by
one. Direct counting, or a digital output, is preferable to the
indirect quantitation methods used for microarrays because
the data does not need to go through several intermediary
transformations. If the detection equipment directly counts
the number of particles emitted it is said to have a digital
output, however if the direct counts undergo several inter-
mediary transformations then the data has an analog output.
Quantitation data from microarrays is known to be subject to
several distortions due to data extrapolation.

Another consequence of low target coverage in microar-
rays is that highly sensitive equipment is needed to detect the
low amount of signal. However, since microarrays require a
high dynamic range for signal detection, sensitivity is
decreased because of the trade-off between sensitivity and
dynamic range. The methods of the invention use a limited
number of labels to create a large number of unique label
combinations. This allows the detection method to operate in
a narrow dynamic range. In contrast, microarray methods
require a large dynamic range (4 orders of magnitude or
more) to account for the large differences in abundance of
the different molecular species. The low requirements in
terms of dynamic range required by the methods of the
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invention will improve the sensitivity of the system since the
trade-off between sensitivity and dynamic range is avoided.

The invention further provides a method of detecting a
nucleic acid analyte. The method entails contacting a mix-
ture of nucleic acid analytes under conditions sufficient for
hybridization with a target specific probe having at least one
genedigit where the genedigit has a set of three or more
repeated sequences, then contacting that mixture with an
anti-genedigit having a cognate set of at least two compli-
mentary repeated sequences, and finally detecting a hybrid-
ized complex containing the analyte, target specific probe
and anti-genedigit where the anti-genedigit hybridizes to the
genedigit through a sequence having a complexity less than
the number of hybridized base pairs.

The invention also provides a method of detecting a
nucleic acid analyte as above where the anti-genedigit(s)
each have a unique label.

The methods of the invention provide for detection of
analytes in mixtures. The mixture can contain several types
of analytes or the mixture can contain just one type of
analyte. In addition, the mixture could contain just a single
copy of an analyte. If the target analyte has an unknown
sequence or structure, a large population of target specific
specifiers can be added to the mixture. This population can
include specifiers with target specific regions of pre-deter-
mined sequence or structure or specifiers can be used with
target specific regions of random sequence or structure.
Alternatively, if the target analyte has a known sequence or
structure, a particular specifier containing a region that will
specifically bind to that sequence or structure can be used
either alone or in combination with other specifiers.

The methods of the invention are suited to nucleic acid
analytes as well as analytes with other structures. A popu-
lation of specifiers can be generated for any analyte where
a target specific region can be found that specifically inter-
acts with that analyte. For example, a protein analyte could
be bound specifically by a nucleic acid or a peptide or an
antibody, all of which can be linked to nucleic acid gene-
digits. The target specific region can also be attached to
amino acid containing genedigits. In addition, the ability of
nucleic acid aptamers to bind a wide variety of analytes
allows these structures to be used in the target specific
regions of specifiers. Several combinations are possible as
long as the specifiers specifically bind to the analytes.

The invention further provides a nucleic acid labeling kit,
containing a set of genedigits, a set of anti-genedigits and a
unique set of labels bound to a nucleic acid. The kit can
include other reagents as well, for example, buffers for
performing hybridization reactions, linkers, restriction endo-
nucleases, and DNA ligases. The kit also will include
instructions for use of the labeling kit.

The labels and methods of the invention can be used for
diagnostic and therapeutic purposes. Analytes, or combina-
tions of analytes, that are diagnostic of a disease can be
detected and quantified from a sample derived from a
subject. Many different analytes can be analyzed at one time
from a single sample using the methods of the invention.
This allows, for example, for several diagnostic tests to be
performed on one sample. In addition, the methods of the
invention can provide information that determines a course
of treatment for a patient. For example, the amount of a
particular marker for a tumor can be accurately quantified
from even a small sample from a patient. For some disease
like breast cancer overexpression of certain genes, such as
Her2-neu, indicate a more aggressive course of treatment
will be needed.
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It is understood that modifications which do not substan-
tially affect the activity of the various embodiments of this
invention are also included within the definition of the
invention provided herein. Accordingly, the following
examples are intended to illustrate but not limit the present
invention.

Example [

Generation of Unique Labels Using Two Different
Labels

In this example, ten unique labels are made from two
different fluorescent labels. First, ten unique templates of a
220-base pair single-stranded DNA are synthesized. The
templates consist of a pre-determined ratio of the following
20-base  pair repeats: (SEQ ID NO:1) 5
(ACTCTCTCTCTCTCTCTCTC)n
(GCTCTCTCTCTCTCTCTCTC)m 3' (SEQ ID NO: 2)
where n=1, 2,3,4,5,6,7,8,9,10,m=1, 2,3,4,5,6,7, 8,
9, 10, and n+m=11.

The second strand is synthesized using the primer GAGA-
GAGAGA (SEQ ID NO: 3), Klenow polymerase, DNA
ligase, dGTP, DATP, dUTP-fluorescein and dCTP-rhod-
amine. After the reaction is complete the product is treated
with Si nuclease to digest the DNA with gaps, and the
remaining full length DNA is then purified. The labeled
nucleotides will be incorporated into the DNA in a unique
ratio determined by the ratio of the two repeats. The end
result is ten uniquely labeled nucleic acids where the set
ratio of fluorescein to rhodamine is 1:10, 2:9, 3:8, 4.7, 5:6,
6:5, 7:4, 8:3, 9:2, and 10:1.

A linker oligonucleotide is ligated to the labeled DNA and
then this linker is used to attach the labeled DNA to the
branches of a dendrimer. The dendrimer has an oligonucle-
otide tag of 5 bases at the stem to facilitate binding of an
anti-genedigit (see Example II) and tags of 10-base pairs at
the branches to facilitate binding of labeled DNA.

Example 11
Generation of a Labeled Specifier

The specifiers are synthesized by ligating together one
target specific sequence (synthetic oligonucleotide, peptide-
nucleic acid (PNA), PCR product, or linked-nucleic acid
(LNA)), and several “genedigits” (see FIG. 1A). In this
example, each specifier contains a unique combination of 4
different genedigits. This results in the generation of 10,000
possible unique specifiers.

The genedigits are synthetic oligonucleotides that contain
only two of the natural bases, plus two bases that not found
in nature: isocytidine and isoguanine. Such base composi-
tion ensures that the genedigits will not non-specifically
hybridize with analytes in a complex mixture. The sequence
of each genedigit is composed of 5 repeats of an 8-base pair
core sequence (see FIG. 1B). Each core sequence unit differs
from the others by at least two bases.

In order to make 10,000 unique specifiers, forty different
genedigits are synthesized and split into 4 groups containing
10 genedigits each. The genedigits of each group have a
5-base pair tag on each end. One genedigit from each group
is present in each specifier. The genedigits are ligated with
the help of adapter 10mer oligonucleotides that are compli-
mentary to the 5-base pair tags that are common for each
group. In this way, for a specifier with 4 genedigits, there
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will be 10x10x10x10=10,000 possible combinations. All
specifiers also contain a biotin tag.

The genedigit serves as an attachment point for a label and
so the number of labels synthesized corresponds to the
number of genedigits. The genedigits are labeled through the
use of anti-genedigits. An anti-genedigit sequence consisting
of three 8-base pair repeats complimentary to the 8-base pair
core repeat of the corresponding genedigit is ligated to the
stem of a labeled dendrimer (from Example I).

The 24-base pair labeled anti-genedigit hybridizes to the
40-base pair genedigit sequence in the specifier in one of
three different registers (see FIG. 1C). Thus when the label
hybridized to the specifier it will do so through a 24-base
pair sequence that only has a complexity of an 8-base pair
sequence.

Example 111
Gene Expression Analysis Using Specifiers

In order to determine differences in gene expression
between astrocytes and LPS-activated astrocytes, RNA is
isolated from both populations of astrocytes using cell lysis
in guanidine isothiocynine or phenol/chloroform. A popula-
tion of specifiers is added to each RNA sample under
conditions suitable for hybridization. The mRNA-specifier
complexes are isolated with oligo dT beads and washed
extensively to remove excess specifiers. The specifiers are
eluted from the mRNA by digesting the mRNA with RNAse
A. The specifiers are then are processed for labeling as
described in Examples I and II and these labels are detected
using a CCD camera. The number of specifiers correspond-
ing to specific mRNAs from un-treated astrocytes is then
compared to the specifier pattern from LPS-treated astro-
cytes. Since the sequence of the target specific region of the
specifier is known, this identifies the genes that are differ-
entially expressed between the two samples.

Example IV
Microbial Detection Using Specifiers

The invention can be used to detect strains of microor-
ganisms with known sequence in biological samples. Total
DNA is extracted from a blood sample from a patient with
a suspected microbial infection. The total DNA is then
tagged with digoxygenin. The DNA is denatured and hybrid-
ized with a population of specifiers containing target regions
specific for a particular microorganism, or a panel of micro-
organisms, in a small volume (0.01-2.0 pl). The sample
DNA-specifier complexes are isolated using anti-digoxy-
genin antibodies, and washed extensively to remove excess
specifiers. The specifiers are then processed for labeling and
imaging as described above.

Example V
Label Configurations

This example shows a DNA probe molecule (specifier)
that contains labels that are separated by a distance sufficient
such that the labels can be individually resolved (FIG. 2).
For example, in the case of fluorescent labels, this large
spatial separation of labels allows for spectral identification
of each label individually.

As shown in FIG. 2, a DNA probe (specifier) can be
generated that contains four distinct fluorescent labels.
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These labels are separated by a distance of about one
micron. In this example, the labels are separated by about
2,000 to 3,000 bases of DNA, however other polymers could
be used to separate the labels as well.

A diverse population of unique labels can be generated by
varying the fluorescent label at each of the four locations.
For example, a set of 10 distinct fluorophores can be used to
generate 10,000 unique labels. Specifically, for a probe with
four different labels, there will be 10x10x10x10=10,000
possible combinations. Similarly, for a probe that has five
different labels, there will be 100,000 possible combina-
tions.

Example VI
Flow-Stretch Separation of Labels

This example shows a DNA probe molecule (specifier)
with one label monomer which has been stretched on a
coverslip using a flow stretch technique. The flow stretch
technique can also be used for a probe molecule with
multiple label monomers along the probe molecule.

A double stranded DNA probe was constructed with a
single stranded section at a desired location for label attach-
ment. In this example, the single stranded section is at the
end of the probe molecule. The label molecule contains
about 300 Cy3 fluorophores and a section of DNA that is
complementary to the single stranded area of the probe
molecule. After hybridization, the probe molecule is stained
with YOYO1 dye to verity that the label is attached to the
probe. The staining procedure is not necessary when mul-
tiple labels are attached. The probes with hybridized label
were then stretched on a coverslip using a flow stretch
technique (Henegariu et al., supra). An image, FIG. 3, was
obtained using an inverted fluorescent microscope. Probes
can also be stretched using a receding meniscus technique
(Yokota et al., supra).

Example VII
Electro-Stretch Separation of Labels

This example shows than an electric field can be used to
align probe (specifier) molecules that are attached by one
end to a surface. In this manner, labels that are along the
probe molecule are spatially separated.

A flow cell was constructed that allowed imaging of the
probe molecules through a coverslip. The flow cell also
allowed for the exchange of solutions and the application of
an electric field. In order to prevent bubbling, a gel was used
to separate the electrodes from the solution. With gel sepa-
ration of the electrodes and solution, higher voltages are
possible which improves the alignment of the probe mol-
ecules. The coverslip was coated with bovine serum albumin
(BSA) to minimize non-specific binding. DNA was added to
the coverslip and attached to the coverslip primarily by the
ends of the DNA. Un-bound DNA was washed away and the
remaining bound DNA was stained with YOYOI. Imaging
was performed using an epi-fluorescent microscope. When
the voltage was off, tethered DNA can be seen to move
randomly (FIG. 4A). However, when the voltage is on, the
DNA becomes aligned (FIG. 4B).

Example VIII
Cytometer Detection of Labels

Another way to align DNA probes (specifiers) spatially is
by the use of a constriction in the flow of a liquid containing
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the DNA in conjunction with an oscillating electric field
(Asbury, C. L., and van den Engh, G., Biophys. J. 74:1024-
1030 (1998)). In this way, when the probe molecules pass
through the constriction the labels are spatially separated
(FIG. 5). Confocal optics can allow for detection with
enough spatial resolution to determine the sequence of the
labels.

Throughout this application various publications have
been referenced within parentheses. The disclosures of these
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a first plurality of label monomers, wherein the
first plurality of label monomers comprises a first
label; and

at least a second label-attachment position is
attached to at least a second complementary
nucleic acid sequence comprising at least a second
plurality of label monomers, wherein the second
plurality of label monomers comprises at least a
second label;

publications in their entireties are hereby incorporated by 10 wherein the first label and the second label are
reference in this application in order to more fully describe spatially-separable for resolution of the first label
the state of the art to which this invention pertains. from the second label; and
Although the invention has been described with reference (b) a second probe comprising
to the disclosed embodiments, those skilled in the art will (1) a region that selectively binds to a second target
readily appreciate that the specific experiments detailed are 15 specific sequence of the nucleic acid analyte,
only illustrative of the invention. It should be understood wherein the first target-specific sequence and the
that various modifications can be made without departing second target-specific sequence bind to different
from the spirit of the invention. Accordingly, the invention regions of the same nucleic acid analyte, and
is limited only by the following claims. (i1) an affinity tag.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 3
<210> SEQ ID NO 1
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: DNA repeat
<400> SEQUENCE: 1
actctctcte tcectcetectete 20
<210> SEQ ID NO 2
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: DNA repeat
<400> SEQUENCE: 2
gctetetete tetcetetcete 20
<210> SEQ ID NO 3
<211> LENGTH: 10
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer sequence
<400> SEQUENCE: 3
gagagagaga 10
What is claimed is: 55 2. The composition of claim 1, wherein the first probe
1. A composition comprising: further comprises an affinity tag.
(a) a first probe comprising ) 3. The composition of claim 1, wherein the affinity tag is
(1) aregion that selectlv.ely blnds to a first target specific a biotin tag.
_Sequence ofa Ill.lC.lelC acid al?alyte’ and 4. The composition of claim 2, wherein the affinity tag is
(ii) a region comprising a plurality of label-attachment 60 ‘L
L . a biotin tag.
positions linked together, each label-attachment 5 Th o £ claim 1. wherein th |
position being of a predetermined nucleotide ’ Ei °,°mp,?151 ton ot € Z,HHIIDN’ XV eremn the complemen-
sequence, wherein at least two of the label-attach- tary nucleic aci .se.:quence 1s. : ]
ment positions comprise a repeated core element, 6. The composition of cle.um 1, wherein the complemen-
and wherein 65 tary nucleic acid sequence is RNA.

a first label-attachment position is attached to a
complementary nucleic acid sequence comprising

7. The composition of claim 1, wherein the complemen-
tary nucleic acid sequence is a dendrimer.



US 9,920,380 B2

29

8. The composition of claim 1, wherein the plurality of
label-attachment positions comprises at least four label-
attachment positions.

9. The composition of claim 1, wherein the plurality of
label-attachment positions are in a predetermined order
within the probe.

10. The composition of claim 1, wherein at least two of
the label-attachment positions have different nucleotide
sequences.

11. The composition of claim 1, wherein each label-
attachment position has a different nucleotide sequence.

12. The composition of claim 11, wherein the nucleotide
sequence of each label-attachment position differs by at least
two nucleotides.

13. The composition of claim 1, wherein the label-
attachment positions are directly linked.

14. The composition of claim 1, wherein the label-
attachment positions are linked via intervening or adapting
sequences.

15. The composition of claim 1, wherein each label
monomer comprises a fluorescent moiety.

16. The composition of claim 1, wherein the affinity tag
is a digoxigenin tag.

17. The composition of claim 2, wherein the affinity tag
is a digoxigenin tag.
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