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diagnostic probe are separated by a spacer region of nucleic acid.
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Diagnostic Probe Detection System

BACKGROUND OF THE INVENTION

The present mvention relates to methods for the detection of the .
preserice or absence of IIUClClC acid sequences that are charactenstxc of pathogens and

the like as well as of gene vanatlons and mutatlons mcludmg those relatmg to the

human leukocyte antigen (HLA), which is of mterest in the field of human

transplantation. Variations and mutations relatmg to T-cell receptor (TCR) gene

sequences are also of 1 mt_erest

The HLA locus 1s hlghly polymorphlc in nature. As dlsclosed in the
Nomenclature for Factors of the HLA System 2000 (Hum. Immunol 2001 Apr

| 62(4):419-68), there are 124, HLA-A alleles, 2_58 HLA-B alleles, 74‘HLA-C alleles,

221 HLA-DRBI alleles, 19 DRB3 alleles, 89 DRB4 alleles, 14 DRB5 alleles, 19
DQAL alleles and 39 DQBI alleles, uvith new alleles being discovered continueusly
As testament to this I‘apld progress, a July 2002 update by the WHO nomenclature
Committee for Factors of the HLA System (www anthonynolan com/HlG/) showed'
there are 250 HLA-A alieles, 488 HLA B alleles, 118 HLA-C alleles, 312. HLA-
DRBI1 alleles, 38 HLA -DRB3 alleles, 12 HLA-DRB4 alleles, 25 HLA DRBS alieles,
22 DQAL alleles, 53 DQBI alleles 20 DPA1 and 99 DPBl alleles

- Al HLA-A, -B, and -C alleles have similar sequences. The same
holds for DRBl DRB3, DRB4 and DRBS sequences Because of these sxmllarmes |
very often when a primer pair is used in the pracuce of polymerase chain reactnon
sequence spemﬁc prniming (PCR SSP), two or more alleles will be ampllﬁed orina
diagnostic sequence-specific ollgonucleotlde probe detection (SSO) system, two or
more alleles will hybridize. Therefore, for each allele to have a umque PCR-SSP or
detection-SSO pattern, many pairs of primers or probes must be used Further, the use
of diagnostic hybridization SSO probes in HLA typing 1s confounded by the hxgh.
levels of homology shared by the HLA alleles. Thus, many pn’of art typing methods ‘
such as those of Bugawan et al., Tlssue Antigens (1994)44 137- 147 lack the

accuracy desired for HLA typmg and other applications.
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PCR can be used to characteriie the sequence on the target DNA

~ ‘template. If amplification occurs, the template DNA contains the same_ _sequences as
~ the primers-used If no am;aliﬁwtion occurs,‘ the sequences on the template DNA are -
'drfferent from the pnmer sequences Newton et al., U.S. 'Patent No. | 5,595, 89’0- '
-dlsclose PCR dtagnosttc methods for typmg, mcludlng molecular typing of HLA. _'
‘using PCR-SSP Accordmg to- this method ‘an unknown allele is assxgned based on '
- the pattern of posmve or negative reactlons frorn multiple rounds of PCR The

_methods dlsclosed by Newton are llmlted in their effectiveness for HLA typing,

however, due to~the htgh degree of polymorphism 1n HLA as descnbed_above. As a

- consequence two primers, each with specific sequences frequently arnplify many‘

HLA alleles, thus increasing the number of PCR amphﬁcatrons required in order to .

‘assign an unknown allele. For 31m11ar reasons multiple dlagnosttc probes are

requlred for correct typrng of HLA in non-PCR contexts. PCR reqmres a patr of
primers flanking the regron on the DNA template for that reglon to be amphfied. The .

‘ability of a primer to anneal to the desired sequence depends on the Iength of the i

primer and the annealing temperature set in the PCR thermocyclmg program. The
]onger the pnmer, the hlgher the anneallng temperature it needs to achleve specific
amphﬁcatlon of a DNA sequence. PCR-SSP uses a balance between pnrngr length
and\anneali'ng 'temperature to achieve the spec.tﬁcity of the primer-directed sequence

amplification.

In the clinical use o.f'PCR-SSP systems for HLA typing, there had

 existed a need to use a limited number of PCR reactions to achieve as much

resolution as possible whereby the number of alleles amplified by a pair of primers

would be reduced (i.e., the specificity of the primers or probes would be

increased). Of interest to the present invention is the disclosure of co-owned U.S.

Patent No. 6,207,379, which teaches the use of diagnostic PCR primers that are

characterized by mnon-contiguous (gap) sequences for obtaining greater

discrimination between related alleles in HLA typing. In an alternative
embodiment, U.S. 6,207,379 teaches use of diagnostic primers that hybridize to

non-contiguous sequences in a target nucleic acid and amplify that target by

polymerase-mediated primer extension. Despite the success of the methods of U.S.

- 6,207,379 1n carrying out more specific amplification of the target HLA
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sequences there still remains a desire for improved methods for detection of HLA

sequences 1n both PCR and non-PCR contexts..

The PCR 1invention described in U.S. 6,207,379 addressed the need in
the art for improved methods of PCR--SSP--based molecular typing whereby the
specificity of the typing can be increased so as to reduce the number of PCR reactions
required for each typing. However, there still exists a need in the art for methods to
probe for specific sequences in non-PCR contexts. For reasons of basic
thermodynamics, probes and templates, including those with a perfect match, are in
state of equilibrium between the hybridized and non-hybridized state. A probe that is
at one moment attached to 1ts target template, at another moment may not be. The
polymerase in PCR plays a critical role by locking a primer in place through
elongation. In non-PCR contexts, the critical factor--the polymerase (and the
subsequent elongation)--is lacking, and long-term stability of the hybridized duplex of
a short probe to a target would not necessarily be expected. For these reasons it is
generally considered necessary for hybridization probes to be longer than

corresponding extension primers in order to assure stable duplex formation.

Also of interest to the present invention is the disclosure of Gentalen et
al., Nucleic Acids Research Vo. 27, No. 6, pp 1485-1491 (1999), which teaches a
method for determining physical linkage between two loci on a DNA strand by means
of a high-density oligonucleotide array having more than one oligonucleotide probe at
the same address on the oligonucleotide array. According to Gentalen, cooperative
hybridization i1s capable of distinguishing between physically linked and unlinked

target sequences.

Accordingly, there remains a need for improved hybridization-based
detection systems that are capable of reliably detecting specific targets in highly
polymorphic contexts including HLA typing and identification of T-cell receptor
(TCR) gene sequences.

SUMMARY OF THE INVENTION

The present invention relates to improved methods for detecting
sample/target nucleic acid sequences and in particular for the detection of nucleic
acids encoding human leukocyte antigens (HLA) and detection of T-cell receptor

(TCR) gene sequences whereby the specificity of diagnostic probes is increased such
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that at least one probe is capable of recognizing two or more regions on the target and
1s preferably capable of doing so without increasing the annealing temperature of the
probe to the sample/target nucleic acid sequence. The increased specificity of the
probe set reduces the number of alleles detected, thus increasing the resolution of the

method, and does so at lower cost.

Specifically, the invention provides a method for detecting the
presence of a target nucleic acid sequence on a sample nucleic acid strand comprising
the steps of: contacting a sample suspected of containing the target nucleic acid
sequence with a diagnostic probe under hybridizing conditions. The nucleotide
sequence of this diagnostic probe comprises both a first probe region at its 5'-end that
1s substantially complementary to a first target region characteristic of said target
nucleic acid sequence, and a second probe region located 3' to said first probe region.
The second probe region 1s substantially complementary to a second target region
characteristic of said target nucleic acid sequence on the target nucleic acid strand.
When the first target region is contiguous with the second target region on the target
nucleic acid strand then the first and second probe regions on the diagnostic probe are
separated by a spacer region of nucleic acid. When the first and second probe regions
on the diagnostic probe are contiguous, then there exists an intervening sequence
between the first and second target regions on the target nucleic acid strand. For the
selected hybridization conditions the lengths of the first and second probe regions are
such that the diagnostic probe is stably hybridized to the target nucleic acid strand to
form a detectable probe:target hybrid when both the first probe region is substantially
complementary to the first target region and the second probe region is substantially
complementary to the second target region. However, under the selected hybridization
conditions the diagnostic probe is not stably hybridized to the target nucleic acid
strand to form a probe:target hybrid detectable above a threshold indicative of stable
hybridization when either the first probe region or the second probe region is not
substantially complementary to the first and second target regions, respectively. The
presence or absence of the stable probe:target hybrid is then detected as an indication

of the presence or absence of the target nucleic acid sequence in the sample.

According to practice of the invention, the target nucleic acid and the

nucleic acid probes of the invention can be DNA, RNA or synthetic DNA molecules
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having modified backbones such as with sulfate or peptide bonds rather than

phosphate bonds.

While 1t 1s recognized that detectable signals can be produced in the
absence of stable hybridization, those of skill in the art recognize that the presence or
absence of stable hybnidization can be determined by a comparison of signals
produced by both negative and positive controls and that signal thresholds can be
determined that allow making distinctions between stable and unstable (including
transient) hybridization indicative of the presence or absence of a target nucleic acid
sequence In a sample. According to one method, the threshold for designating a
“positive” reaction can be selected as the mid-point between the lowest value for
positive control samples and the highest value for negative control samples under a

selected set of conditions.

According to a preferred aspect of the present invention, the first probe
region and the second probe region are exactly complementary to the first and second
target regions respectively, but they need not be. According to a preferred aspect of
the present invention, the sample/target nucleic acid strand or strands are derived from

a human subject, but they need not be.

While the first probe region and second probe region can be
contiguous on the diagnostic probes of the invention, they need not be. Thus,
according to one preferred embodiment of the invention, the first probe region and the
second probe region may be separated by a spacer region of nucleic acid sequence
that 1s not complementary to the sequence of the target nucleic acid strand between
the first target region and the second target region sequences, i.e. the "intervening
sequence”. Specifically, the spacer region is selected so as to provide a discontinuity
in the complementarity of the nucleotide sequences of the first probe region and the
second probe region of the diagnostic probe such that stable hybridization of the
target nucleic acid sequence will not occur unless the first probe region and the
second probe region are substantially complementary to the first and second target
regions, respectively. According to a further embodiment of the method of the
invention, the invention may also be practiced where there exists a spacer region
between the first and second probe regions and there also exists an intervening

sequence between the first and second target regions on said target nucleic acid.
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The spacer region between the probe regions on the probe is generally
more than one nucleotide but less than 350 nucleotides in length with lengths of from
I to 30 nucleotides being preferred and with 3 to 10 nucleotides being particularly
preferred. In most circumstances, the spacer region need be no more than 10 or 20
nucleotide bases in length. In contrast, the intervening sequence between target
regions on the target nucleic acid can be from 1 to 500 or more bases in length with
less than 350 (1-350 bases) nucleotides being preferred. Nevertheless, the length of
the spacer region, as well as the length of intervening sequence between the target
regions on the target nucleic acid strand, should not be so long that cooperative
binding of probe regions to their respectivé target regions would be prevented.
Moreover, the lengths of the probe and target regions should not be so long that either
probe region 1s able to hybridize independently to its target region by virtue of
increased length (and therefore increased annealing temperature) without requiring
prior transient hybridization of the other probe region to its target region. Only when
both probe regions stably hybridize to their respective target regions will a signal

above a threshold be indicative of the presence of the target nucleic acid be produced.

In another aspect, this invention teaches a method for detecting the
presence of two or more target nucleic acid sequences on two or more sample nucleic
acid strands comprising the steps of contacting a sample suspected of containing said
target nucleic acid sequences with a diagnostic probe under hybridizing conditions.
The first target nucleic acid sequence has a first target region and a first
complementary target zone. The second nucleic acid sequence has a second target
region and a second complementary target zone. The nucleotide sequence of said
diagnostic probe comprises (1) a first probe region that is substantially
complementary to a first target region charactenstic of said first target nucleic acid
sequence, and (2) a second probe region, where the second probe region is
substantially complementary to a second target region characteristic of said second
target nucleic acid sequence. For the selected hybridization conditions, when the first
and second probe regions are such that the diagnostic probe is stably hybridized to the
target nucleic acid strand to form a detectable probe:target hybrid when the first
complementary target zone 1is substantially complementary to the second
complementary target zone, the first probe region is substantially complementary to

the first target region, and the second probe region is substantially complementary to
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the second target region. However, for the selected hybridization conditions, when
the diagnostic probe is not stably hybridized to the target nucleic acid strand to form a
probe:target hybnid detectable above a threshold indicative of stable hybridization
when either the first complementary target zone 1s not substantially complementary to
the second complementary target zone, or the first probe region is not substantially
complementary to the first target region or the second probe region is not substantially
complementary to the second target region. The presence or absence of the stable
probe:target hybrid 1s then detected as an indication of the presence or absence of the

target nucleic acid sequence in the sample.

In some embodiments, the first and second probe regions on the
diagnostic probe are separated by a spacer region of nucleic acid sequence. In some
embodiments, either the first target region and the first complementary target zone are
separated by a first non-complementary zone, or a second target region and a second

complementary target zone are separated by a second non-complementary zone.

In some embodiments comprising complementary target zones, the
first target region and the first complementaty target zone may be separated by a first
non-complementary zone, or a second target region and a second complementary
target zone may be separated by a second non-complementary zone. In such
embodiments, the first and second non-complementary zones are not substantially
complementary to each other and not substantially complementary to the spacer

region.

In those embodiments where a spacer is present, the spacer is generally
more than one nucleotide but less than 350 nucleotides in length with lengths from 1
to 30 nucleotides (bases) long being preferred and with 3 to 10 nucleotides (bases)
being particular preferred. In most circumstances, the spacer region need be no more
than 10 or 20 nucleotide bases in length. In contrast, the non-complementary zones
(NCZ) between target regions and complementary target zones (CTZ) on the target
nucleic acids can be from 1 to 500 or more bases in length with less than 350 (0-350
bases) nucleotides being preferred. Nevertheless, the length of the spacer region, as
well as the length of non-complementary zone between the target regions on the target
nucleic acid strands, should not be so long that cooperative binding of probe regions
to their respective target regions would be prevented. Moreover, the lengths of the

probe and target regions, and complementary target zones, should not be so long that
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either probe region is able to hybridize independently to its target region by virtue of
increased length (and therefore increased annealing temperature) without requiring

prior transient hybridization of the other probe region to its target region, and stable

 hybnidization between the complementary target zones. © Only when both

complementary target zones stably hybridize to one another, and both probe regions
stably hybnidize to their respective target regions will a signal above a threshold be

indicative of the presence of the target nucleic acid be produced.

According to practice of the invention, the target nucleic acids and the
nucleic acid probes of the invention can be DNA, RNA or synthetic DNA molecules

having modified backbones such as with sulfate or peptide bonds rather than

phosphate bonds.

While 1t 1s recognized that detectable signals can be produced in the
absence of stable hybridization, those of skill in the art recognize that the presence or
absence of stable hybnidization can be determined by a comparison of signals
produced by both negative and positive controls and that signal thresholds can be
determined that allow making distinctions between stable and unstable (including
transient) hybridization indicative of the presence or absence of a target nucleic acid
sequence 1 a sample. According to one method, the threshold for designating a
“positive” reaction can be selected as the mid-point between the lowest value for
positive control samples and the highest value for negative control samples under a

selected set of conditions.

According to a preferred aspect of the present invention, the first probe
region and the second probe region are exactly complementary to the first and second
target regions respectively, but they need not be. According to a preferred aspect of
the present invention, the first CTZ and the CTZ are exactly complementary to the
first and second target regions respectively, but they need not be. According to a
preferred aspect of the present invention, the sample/target nucleic acid strand or

strands are derived from a human subject, but they need not be.

The present invention has two (or more) sequences on the same probe.
The two separate portions of the gap probes in the present invention would be too
short to sufficiently bind by themselves. Probe regions may be initially designed

based on the unique sequence present on the alleles that one would like to detect.
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Once that 1nitial design consideration has been addressed, the length of the probe
regions generally becomes the next important design factor. Consideration of probe
region length 1s especially cntical in those contexts where the undesired sequences
differ from the desired target sequence by only a few base pairs (including those cases
where there 1s only a single base pair difference). Binding (stable hybridization) of

both probe regions 1s necessary for a positive signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A (and 1A’) and 1B depict a first embodiment of the present
invention wherein the first target region i1s 3’ to the second target region and

separated by an intervening sequence on the sample target; and

Figs. 2A (and 2A") and 2B depict a second embodiment of the present
invention wherein the first target region is contiguous with the second target region on
the sample target and the diagnostic probe comprises a spacer sequence disposed

between the first probe region and the second probe region.

Figs. 3A (and 3A’) and 3B depict a third embodiment of the present
invention wherein the first target region is 3’ to the second target region and separated
by an intervening sequence on the sample target, and the diagnostic probe comprises a

spacer sequence disposed between the first probe region and the second probe region.

Figs. 4A, 4B, 4C and 4D depict a fourth embodiment of the present
invention wherein the first target region 1s 3' to the first complementary target zone on
the first target nucleic acid strand, and the second target region is 5' to the second

complementary target zone.

DETAILED DESCRIPTION

The present invention relates to nucleic acid probes that may be used in
a variety of manners but which are particularly useful for detecting the presence of
particular target nucleotide sequences. Rather than using a conventional probe, the
present 1nvention provides a diagnostic probe that comprises two (or more) nucleic
acid probe regions on the same probe sequence that are preferably non-contiguous.
According to the invention, the two portions of the probe sequence, the first and
second probe regions, function to specifically bind to the first and second target
regions, respectively. The second probe region is coupled at the 3’-end of the first

probe region. The second probe region is preferably separated downstream from the
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first probe region, but may be contiguous if the target regions on the sample nucleic

acid strand are not contiguous.

According to practice of the invention, one of the probe regions
functions to 1nitially, transiently bind the probe to the sequence of interest on the
sample nucleic acid strand. Both of the probe regions can play this role, which means
either probe region can transiently bind first. With one of the probe regions
transiently bound, the other probe region is thereby more favorably disposed
kinetically (by virtue of a local concentration effect) such that it can thereafter more
readily recognize another nearby sequence (usually within a few hundred base pairs).
Both probe regions can function to increase the specificity of the diagnostic probe for

a particular allele or other target sequence.

The length of each probe region should be selected to be below the
length that would otherwise stably hybridize by itself to the target sequence under the
selected hybrnidization conditions, in order to prevent a false positive signal. Transient
annealing of one of the probe regions to its target region will increase the local
concentration of the other probe region to its target region, thus achieving successful
annealing of the other region to its target region and the stable hybridization of the

probe to the sample.

According to one aspect of this invention, the first and second probe
reg.ions are designed such that under given selected hybridization conditions,
formation of a detectable reaction product occurs when both probe regions are
substantially complementary to their respective target regions, and no reaction
product that 1s detectable above a threshold indicative of the presence of the target
sequence occurs under those same hybnidization conditions when either probe region
1s not substantially complementary to its respective target region. It will be
understood that the selectivity of the diagnostic probes of the invention is dependent
upon the hybridization conditions selected for practice. Thus, those of skill in the art
will recognize that higher annealing temperatures will generally require longer probe
region sequences while lower annealing temperatures will generally require shorter
probe region sequences. Other factors such as reagent concentrations and the GC
content of the probe and the sample nucleic acid strand will also affect the design of
the diagnostic probes and selection of hybridization conditions for practice of the

invention.

10
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Fig. 1 depicts an embodiment of the present invention whereby a
diagnostic probe comprising the first and second probe regions that are not separated
by a spacer region serves to detect the presence of a target nucleic acid sequence on a
sample nucleic acid strand. Specifically, Fig. 1A depicts the transient hybridization of
the first probe region to the first target region that is 3' to and separated by an
intervening sequence from the second target region on the sample nucleic acid. Fig.
1A' depicts the transient hybridization of the second probe region to the second target
region that 1s 5' to and separated by an intervening sequence from the first target

region on the sample nucleic acid.

Transient hybridization of one probe region to its corresponding target
region creates a local concentration effect such that, under the selected hybridization
conditions, the other probe region of*the diagnostic probe will stably hybridize to its
target region on the sample nucleic acid sequence. The hybridization conditions are
further selected given the identity of the target and the diagnostic probe so that the
diagnostic probe 1s not stably hybridized to the target nucleic acid strand to form a
detectable probe:target hybrid when either the first probe region is not substantially
complementary to the first target region or the second probe region is not substantially
complementary to the second target region. Fig. 1B depicts hybridization of both
probe regions of the diagnostic probe to their respective target regions on the sample
nucleic acid respectively and the formation of a loop by the intervening sequence
between the target regions on the sample nucleic strand, which have hybridized to

portions of the diagnostic probe. In Fig. 1B, a stable probe:target hybrid has formed.

F1g. 2 depicts a second embodiment of the present invention whereby a
diagnostic probe comprising the first and second probe regions separated by a spacer
region 1s used to detect the presence of a target nucleic acid strand. In this case, the
first target region 1s associated with a second target region that is contiguous with the
first target region on the target nucleic acid strand. Specifically, Fig. 2A depicts the
transient hybridization of the first probe region to the first target region, which is 3' to
the second target region on the target nucleic acid. Fig. 2A' depicts the transient
hybridization of the second probe region to the second target region, which is 5' to the

first target region on the target nucleic acid.

Fig. 2B depicts hybridization of the first and second probe regions of

the diagnostic probe to the first and second target regions on the sample nucleic acid

11
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strand respectively and the formation of a loop by the spacer region between the probe
regions that is not complementary to the sequence of the sample/target nucleic acid

strand. In Fig. 2B, a stable probe:target hybrid has formed.

Fig. 3 depicts a third embodiment of the present invention whereby a
diagnostic probe comprising the first and second probe regions separated by a spacer
region 1s used to detect the presence of a target nucleic acid strand. In this
embodiment, the first target region is associated with a second target region that is
separated by an intervening sequence from the first target region on the target nucleic
acid strand. Accordingly, Fig. 3 depicts an embodiment that combines features of the
embodiments shown in Fig. 1 and Fig. 2. Specifically, Fig. 3A depicts the transient
hybridization of the first probe region to the first target region, which is 3' to the
second target region on the target nucleic acid. Fig. 3A' depicts the transient
hybridization of the second probe region to the second target region, which is 5' to the

first target region on the target nucleic acid.

Fig. 3B depicts hybridization of the first and second probe regions of
the diagnostic probe to the first and second target regions on the sample nucleic acid
strand respectively and the formation of a loop by the spacer region between the probe
regions, and the formation of a loop by the intervening sequence between the target
regions such that the two loops are not substantially complementary to one another.

In Fig. 3B, a stable probe:target hybrid has formed.

While the first target region is shown 3' to the second target region in
the target nucleotide strand in Figs. 1, 2 and 3, that 1s for illustrative purposes only. In
other embodiments, the first target region may be 5' to the second target region.
Embodiments with more than two target regions and more than two probe regions are

also contemplated.

In still other embodiments of this invention, the probe regions can
hybndize to target regions, wherein the target regions are located on different target
nucleic acid strands, and additionally there is at least one zone on one of the target
nucleic acid strands that 1s substantially complementary to a zone on the other target

nuclelc acid strand.

There 1s then a first target nucleic acid strand that contains at least two

sequences of interest.. The first sequence of the first target nucleic acid strand is a first
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target region, that is substantially complementary to the first probe region. The
second sequence of the first target nucleic acid strand is a first complementary target
zone (CTZ), which is substantially complementary to a second complementary target
zone (CTZ) m the second target nucleic acid strand. The first CTZ may be separated
from the first target region by a first non-complementary zone (NCZ), which is
preterably less than 350 nucleotide bases in length (0-350 bases), but can be as many

as 500 nucleotide bases or more in length.

There 1s then a second target nucleic acid strand that contains at least
two sequences of interest. The first sequence of the second target nucleic acid strand
1s a second target region that 1s substantially complementary to the second probe
region. The second sequence of the second target nucleic acid strand is a second
complementary target zone (CTZ), which is substantially complementary to the first
complementary target zone (CTZ) in the first target nucleic acid strand. The second
CTZ may be separated from the second target region by a second non-complementary
zone (NCZ), which 1s preferably less than 350 nucleotide bases in length (0-350

bases), but can be as many as 500 nucleotide bases or more in length.

The same pninciples discussed in the earlier embodiments and aspects
of the invention also apply to this and other embodiments involving CTZs, at least in
so far as hybrnidization properties are concerned.  Specifically, substantial
complementarity between both the first probe region and the first target region, and
between the second probe region and the second target region is necessary for stable
hybridization. Moreover, in such embodiments involving CTZs, in order for there to
be stable hybridization between the first probe region and first target region, and
between the second probe region and the second target region, the first CTZ must be
substantially complementary to the second CTZ. However, unlike the earlier
embodiments, those embodiments involving CTZs, do not necessitate the first probe

region to be 5' to the second probe region.

Fig. 4 depicts a fourth embodiment of the present invention whereby a
diagnostic probe, comprising first and second probe regions separated by a spacer
region with the first probe region 5' to the second probe region, is used to detect the
presence of two target nucleic acid strands. In this embodiment, a first target region
and first CTZ 1s on a first target nucleic acid strand, and a second target region and

second CTZ 1s on a second target nucleic acid strand. Specifically, Fig. 4A depicts
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the first and second target nucleotide strands and the diagnostic probe before any
hybridization has occurred. Fig. 4B depicts the stable hybridization between the first
and second CTZs. Fig. 4C depicts the transient hybridization of the first probe region
to the first target region, the latter of which is 3’to the first CTZ on the first target
nucleic acid. In Fig. 4D, a stable probe:target hybrid has formed.

While Fig. 4 shows the first CTZ 5' to the first target region, and the
second CTZ 3' to the second target region, in other embodiments the CTZs need not
be so positioned. That is, the CTZs may be located differently relative to the target
region(s) on the same nucleic acid strand. For example, the first CTZ could be
located 3’ relative to the first probe region, rather than 5'. Another embodiment could
comprise the second CTZ located 5' relative to the second target region, rather than 3.
Yet another embodiment could comprise both the first CTZ 3' relative to the first
probe region, and the second CTZ located 5' relative to the second target region.
Moreover, while Fig. 4 shows the first probe region located 5' relative to the second
probe region, that need not be the case. For example, in other embodiments, the first
probe region could be located 3' to the second probe region. Furthermore,
embodiments involving CTZs, may or may not comprise a spacer as part of the
diagnostic probe, and may or may not include a NCZ in either or both of the target

nucleic acid strands.

In embodiments involving CTZs, it is understood that there may be
more than one pair of CTZs, that is, there may be multiple zones of complementarity
between the two (or more) target nucleic acid strands. One or more CTZs in a given
embodiment may be incorporated into a target nucleic strand via a polymerase chain
reaction (PCR). Specifically, when a PCR reaction is used to generate a target nucleic
acid strand, one or more of the primers used in the PCR reaction may incorporate a
zone of nucleic acids that 1s complementary to a zone of nucleic acids in another
target nucleic acid strand. In those embodiments with multiple CTZ pairs, a NCZ

may separate two CTZ in a given nucleotide strand.

In the Figs. 1-4, the diagnostic probe is shown attached to a solid
support at the 5'-end of the probe. However, that depiction is for illustrative purposes
only. Diagnostic probes according to this invention may also be attached at the 3'-end

of the probe, or at other positions as well.
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Target nucleic acid strands according to this invention may be derived

from any source natural or artificial, including human subjects.

Use of the diagnostic probes according to the methods of the invention
will add selectivity to the hybridization assays, because more than two unique
sequences can be used as the selection cniteria for the detection. Thus, the number of
separate detections steps required for assigning an unknown allele may be reduced,
which reduces the overall cost of allele analysis. Selection of an appropriate
diagnostic probe according to the invention will allow resolution of ambiguities that
occur 1 some heterozygous cases wherein the detection pattern derived from two
different alleles 1s 1dentical to another pair of alleles using probes with conventional

designs.

The use of diagnostic probes according to the methods of the invention
allows greater specificity in the recognition of a specific allele or set of alleles by
using more than one region of sequence homology to the nucleic acid sequence of
nterest. Increasing the specific recognition of nucleic acid sequence homology
refines the ability to carry out a variety of DNA-based tests. Included among these
tests would be HLA tissue typing, detection of genetically inherited diseases,
detection of infectious organisms in tissue, or detection of a variety of other markers
or conditions based on the presence of a nucleic acid sequence (e.g. for testing the

efficacy of a gene therapy technique).

The term “nucleotide” as used herein can refer to nucleotides present
in either DNA or RNA and thus includes nucleotides that incorporate adenine,
cytosine, guanine, thymine and uracil as base, the sugar moiety being deoxyribose or
nbose. It will be appreciated, however, that other modified bases capable of base
pairing with one of the conventional bases, adenine, cytosine, guanine, thymine and
uracil, may be used in the diagnostic probe employed in the present invention. Such
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